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Albert Koebele, a pioneer in the biological control of insects, photographed in a Honolulu 
garden about 1900. He was the first entomologist to introduce beneficial insects into Hawaii, 
many of wliich have been and continue to be of great value to the Territory. His work com- 
menced in 1895 and was carried on for many years. His extensive collection of useful lady- 
beetles has finally been put in order by P. H. Timberlake, who treats with part of this collec- 
tion in the present issue. 
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Eiicelatoria armigera (magnified about 12 times), a beneficial tachinid fly parasitic in a 
variety of destructive caterpillars. Its attempted introduction here from Mexico in 1923 ^va8 
unsuccessful, in the absence of air transport at the time. Now, some twenty years later, uri' 
•aided, it lias succeeded in reaching these Islands, probably within worm -infested tomatoes from 
the mainland. In tlie field it attacks both the corn-ear worm and the green garden looper; it 
is hoped it will prove effective against the nutgrass armyworm also, in which it breeds readily 
in the laboratory. Its life cycle, a matter of some three weeks even during the cooler months 
•of the year, is unusually brief for an insect of this kind. During an adult life of two weeks 
or longer it produces 40 or more offspring. Although slightly larger than Ceromasia, it is 
liable to be confused by the casual observer .with that fly enemy of the sugar cane beetle borer. 
The female lays maggots which are inserted within its caterpillar victim by means of a highly 
iSpecialized, thorn-like larvipositor. 
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The Coccinellidae or Ladybeetles of the 
Koebele Collection — Part I 


V}y P. H. Timbkrlake 


During his career /;; Hawaii engaged iji introducing bcnefieial insects, Albert 
Koebele aeeuinulafcd a considerable collection of Coccinellidae, or ladybeetles, from 
ijiany parts of the world, particularly California, Mexico, Australia, China, and 
Japan. After his death, the 7oido70 of Mr. Koebele presented this large collection 
of many thousand specimens to ll\ Hf. Ciffard zcho, in turn, on October 12, 1927, 
assigned the collection to the Experiment Station, II.S.P.. I. Much of the material 
xoas unnained and as its value for reference depended on its being properly classi- 
fied, named, and arranged, it was desirable that this should be done. Fortunately 
it 7eas possible to arrange 7 vith P. IF Timberlake to undertake this task 'zvhil'e on 
sabbatical Icaz’c from the Citrus Experiment Station, Kiverside, Califorjiia in 1930- 
3F He 7 oas particularly (jualified for this task, having 7eorked considerably 7Ath 
Coccinellidae 7 ohilc on the staff of the Experiment Station, H.S.FPA., prior to 1924. 
It proved to be too much of an undertaking for the time a7niilable. Ho7oever, a 
large portion 7oas completed, and it seems that it is desirable to publish if as Part 
I, leaving the remainder, 7 Aien finished, for some future publication. 

The present paper is published as a memorial /// recognition of the valuable 
soy/ices of Mr. Koebele in the biological control of many of the troublesome insect 
pests in Hawaii. 

It seems fitting to reprint here the accounts of Mr. Koebele' s 7vork in Hawaii, 
as given by Dr. R. C. L. Perkins and 0. H. S7vecey, on pages 339-368 of The 
Hawaiian Planters' Record, Vol. XXIX, 1925. 


OTTO H. SWEZEY. 




THE EAELY WOBK OF ALBERT KOEBELE IN HAWAII 


By R. C, L. Peekins 

It was in 1890 tiiat Koebele sent Novius cardinalis to Honolulu from California, where he 
hail previously eistablished it. Its success in controlling the cottony cushion scale, then one of 
the worst insect pests in the United States, had come to the notice of Mr. Jaeger, of Honolulu, 
who was interested in agriculture and horticulture, and it was through liis sagacity that speci- 
mens were obtained from Koebele and introduced into Hawaii. As every one who pays any 
attention to such matters is aware, at tliis time, and previously, the above-mentioned pest was 
fully as destructive in the Islands as in California (where, of course, the interests were much 
greater) and some other blights, as these insect pests were frequently termed, were almost 
equally destructive. 

Thus we read that coffee, which had been introduced in 1825, by the middle of the century 
had become quite an industry on Kauai, but this was abandoned in 1856 owing to the ravages 
of blight’’ said to have been introduced in 1850. 

In 1876, the Rev. T. Blackburn, an expert entomologist in Honolulu, wrote that ^Hhe fruit 
trees were afflicted with an incurable blight.” 

The success of the Novius, which soon became manifest, led to Koebele ’s subsequent engage- 
ment partly by the Hawaiian Sugar Planters’ Association and partly by the Government, as 
was urged by Mr. Jaeger. 

Early in 1892, tlie writer became acquainted with Mr. .Jaeger, who was naturally very 
enthusiastic, not only about what had already been achieved, but as to what furtlier success 
Koebele might attain. He was very much surprised wdieii informed that the latter’s work as 
an entomologist was little, if at all, known except in the United States. 

In 1894, many Coccinellidae were introduced by Koebele, chief among which were Crypto- 
laernus montrouzieri and Coelophora inaequalis. In the earlier literature the latter is unfor- 
tunately always referred to as ^^Coccinella repanda/^ the name used by Koebele, and it was 
not till many years afterwards that we received named specimens of tlie true re panda from 
Australia and became aware of this error. 

Probably either of these two ladybirds was even more valuable to the Islands than the 
Novius, owing to the fact that they preyed on pests which seriously attacked a larger number 
of plants than did the cottony cushion scale. 

In 1892, throughout the Kona district, where I Avas then stationed, Vulvinmia covered many 
of the trws, which were in a dying condition and many, in fact, were dead. After the Crypto- 
laemus was taken there, this scale to a large extent disappeared. There may be some who still 
remember the strange appearance of the trunks of many of the larger ornamental trees in 
Honolulu in June, 1896, when the Cryptolaemus larvae, having become full-grown, congregated 
together so as to form large white patches covering several square feet of the surface, which 
was entirely hidden by them. Owing to the white covering of the larvae many people mistook 
these for scale insects and were actually destroying them. Photographs were taken of some 
of these tree trunks and copies are probably still extant in the possession of the Territorial 
Board of Agriculture and Forestry. ^ 

In June, 1895, many of the native trees in the kipukas that are found in the forest at various 
parts witliin eight or ten miles of tlie crater of Kilauea were covered with a conspicuous black 
Aphid and others less noticeable. Many of the Pelea trees, especially, were in a dead or dying 
condition, but Other forest trees were affected. At thjs time single specimens of Coelophora 
were rarely noticed, having evidently just arrived at the locality. In September, the ladybirds 
were in tliousands and when the same idaces were revisited in August, 1896, we were unable to 
find even a single specimen of the large black Aphid. 

Other ladybirds introduced at this early period were MJmobuis veniraUs, Plaiyomus lividi- 
gasier and Ows ekalybeus, all of which were more or less successful and useful. Others were 
fully established at large, but later bi*came either ^arce or totally t*xtinct. The history of 
some of these is interesting. No species appeared more promising for a time than Chiloeorus 
cvrmmdai%a. At first the larvae became extraordinarily numerous, entirely clearing some trees 



of the harder scales, but gradually the beetle became rarer and rarer, till after 1900 I myself 
saw only a few single individuals. Novius koebcleij so far as we are aware, disappeared still 
earlier, and so far as we know Synonyche grandiSf by far the largest of introduced ladybirds, 
was common for only a very short time on some of the ornamental bamboos in Honolulu. Lets 
conformis, from which much was expected, was almost entirely a failure. The pretty Coccinclla 
pupillata was noticed from time to time, but not in great numbers. 

During the earlier years of his work, Koebele^s visits to Honolulu were short and few, his 
material being liberated by the Commissioner of Agriculture, Joseph Marsden. Whatever may 
have been the latter’s knowledge of agriculture, of entomology he had none beyond that of a 
few Latin names, to repeat which gave him a good deal of pleasure. No doubt Koebele’s chief 
success with ladybirds as compared with other insects was due to this fact, for when liberated, 
full instructions having been given as to the place where they were to be turned out, they could 
look aftt'r themselves. But many small parasites were also sent, and of almost none of these 
is there any record, except Chalcis obsrurata, which became very abundant throughout the 
Islands. As Koebele informed me, his s})ecial request that all the dead material should be 
saved for subsequent identification, was not attended to in any instance. 

Owing to my own occui)ation in the forests of the different Islands and to Koebele’s infre- 
quent visits to Honolulu, we did not ha])pen to meet during the earliest years of his work, but 

returning from a considerable stay in the Kauai forests in 189;), 1 found him in Honolulu. 
Among other matters, we discussed the possibility of his economic introductions proving antago- 
nistic to my own Avork on the native fauna, especially as some of the rarer species of native 
Hemerobiids, which had been unusually numerous on the Aphis-infested Pelea trees at Kilauea, 
had disappeared after the introduced Coelophora had eaten up the Aphis. Reference w^as made 
to this point in a brief account of Koebele’s work which 1 wrote in 1896 and which Avas pub- 
lished in the folloAving year in Nature. Imperfect as this account was, it at least had the effect 
of calling the attention of most European countries to his Avork and its possibilities. 

As it Avas necessary for me, after 1 had met him, to do further Avork in East Maui, I per- 
suaded Koebele to accom})any me and share my tent, since he was anxious to obtain some knoAvl- 
edge of the forest insects, concerning Avhich there Avere complaints. After spending some Aveeks 
in the high, Avet forest of the windAvard side, Ave hfft our tent, and carrying as feAv impedimenta 
as j)ossible, we worked al>out the summit and through the crater to the lee side, sleeping in 
the open or in such natural shelters as Avere aA^ailable. Being lightly clothed Ave Avere a good 
deal troubled by the sharp frosts at niglit, Avhich a}>peared abnormally cold after the fine 
hot weather of the daytime. I have referred to this, the first of several hard trips Ave made 
together, as it gave me the first oj)portunity to see Avhat a very accomplished field Avorker 
Koebele had become. He was particularly ex|)ert at colh'Cting difficult beetles, and had no 
doubt learned many Avrinkles from his friend E. A. 8chwar/,, of Washington, in i‘arlier years. 

Ill 1897, 1 joined Koebele in California and accompanied him to Arizona and Mexico, where 
he hoj)ed to obtain some natural enemy for the mealybug of the alligator pear. This had now 
become an unsightly pest, haAung been introduced since the earlier years of my collecting. The 
com])laint8 about Lantana were already numerous and some preliminary investigation was mad(‘ 
of tlie plant in Mexico, but at this time no attempt Avas made to ifttroduce any of the insects 
attacking it. 

In 1898 and 1899, 1 Avas in England Avorking at the Fauna HawaUensiti, but on my return 
(early in 1900) to the Islands 1 avus still more in contact Avith Koebele than previously, since 
Avo not only made many collecting trips in company, but I did much study work in his office. 

In 1900, the presence of a number of insects entirely unknoAvn to me in 1897 \A^as obvious. 
Chief among these was the melon fly {Dacus cucurbitae) and the cane leafhopper. The latter 
was noted first as a leafhopper new to the Islands, at Waialua, Avhere it occurred in some 
numbers around the electric lights in 1900. Its connection Avith sugar cane was not knoAV'n at 
the time; in fact not until a year or tAvo afterwards, when it was reported l>y Aujfet Ahrens 
as injuring the cane on Oahu Plantation. There is no doubt that as a pest it first shoAved up 
on that plantation and it was probably introduced, or at least became established there first, 
about the year 1897. Had this insect occurred in earlier years, it is unlikely (considering its 
jittraetion by light) that I should not have noticed it, and quite imjjossible that Koebeh‘, avIio 
was perfectly well acquainted Avith the accounts of the Javanese vautatrix, and was frequently 
in the cane fields investigating the cane borer and other cane insects, should have overlooked 



it In faet when he first saw the leaf hopper in the Islands he took it to be the same as the 
pest recorded from Java. 

Also in 1900, the fern weevil (Syagrius) was first noticed in fernliouses in Honolulu on 
maiden-hair ferns only, and the possibility of its spreading to the native tree ferns of the 
forest was not thought of. 

The introduction of the melon fly must have taken place at about the same time. Up to 
the time when I left the Islands in 1897 melons were almost a drug on the market, and except 
possibly for the Chinese, could hardly have paid for raising. After my return, one of the first 
settlers in the agricultural colony at Wahiawa informed me that he considered the presence of 
the melon fly by no means a calamity, as he was able to raise melons by adopting certain pre- 
cautions and obtain a good price for them, whereas formerly it would not pay to grow them. 
The species was first described in 1899 from specimens obtained by Mr. Compere in Honolulu. 
Koebele had, liowever, previously collected the species on one of Ids trips to the Orient, before 
it was known in the Islands, and had noted it as a pest on plants of the melon family. In 
1900, I found Hawaiian melons and cucumbers were almost unprocurable. It does not appear 
that Koebele made any concentrated effort to obtain parasites for Bacus, possibly because 
Compere was specially investigating fruit flies at the time. In Mexico, when engaged on Lan- 
tana work, he noted a fine parasite on other fruit flies, but he would not take the risk of 
attempting to send over puparia of these flies, for fear that by some accident the flies them- 
selves might be introduced. He was always cautious in his introductions and many of tlie 
Australian ladybirds he was afraid to send in their larval state for fear of introducing their 
parasites. 

In addition to the one species, Chalcis ohscurata, above mentioned, Koebele sent over many 
other parasitic Hymenoptera from various countries, Australia, America and the Orient, at a 
time when he was the only economic entomologist connected with the Islands. Many of these 
were parasites of scale insects and Aleyrodes, but Ichnetmonidac were sent from America and 
Braconidae from Oriental countries. 

No record exists of the minute scale parasites which were frequently sent. For instance, 
it is quite uncertain whether some of tlie established parasites on scales were the results of his 
sendings or whether they came by other means, but it is hardly probable that of the large num- 
ber of species sent none survived, even though they had no expert handling on arrival. As 
Koebele was well acquainted with the exact localities of the scale insects in various grounds 
and gardens in Honolulu and gave exact directions, as to where the parasites were to be 
liberated, a certain amount of success probably resulted. Although he never cared to make 
any attempt to introduce birds, various species of frogs, toads and bats were sent, but the latter 
at any rate failed to become established, though individuals were seen alive for a year after 
their i ntroduct ion . 

Of his later work on the Lantana plant, the sugar cane leafhopper and some other less 
important insect pests, fuller published records exist and can be consulted.* 

Koebele was par excellence a field worker in entomology and his knowledge of living insects 
was of a most extensive character, as at one time or another he paid special attention to all 
orders, but chiefly to Coleoptera and Lepidoptera, to some of the minute Hymenoptera and to 
scale insects. At one period he did much rearing of micro-Lepidoptera for Professor Riley. 
As may be judged from the nature of his field work, the Coccinellidae or ladybirds were his 
especial favorites, and he collected great numbers of species in the various countries he visited. 
He was not a great reader of entomological literature, but certain systematic works he used 
continually, e.g., MaskelUs and Greenes Coccidae, and especially Crotch’s book on the Cocci- 
nellidae, which accompanied him on all his travels. Of the classification and specific character 
structures of these groups he had an extensive knowledge, though he published no notes of a 
systematic nature on others excepting some official reports and even these were to him an 
uncongenial task. 

* The Introduction into Hawaii of Insects that Attack Lantana by R. C. L. Perkins and 
0. H. Swer^ey. Entomological Series Bull. No. 16> Experiment Station, H.8.P.A., 1924. 

Biological Oontrol of the Sugar Cane Leafhopper in Hawaii by 0. H. Swozey. Entomo- 
logies Buries Bull No. 21, Experiment Station, H.8.P. A., 1936. 
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His success in the field was due to his acute perception of the habits of insects, and unsur- 
passed perseverance, and he was naturally a very quick worker, so that with insects that are 
rare and difficult to obtain he could collect a greater number in a given time than most of the 
best field workers we have known. Under any circumstances he was a most pleasant companion 
on a trip, for even when the hardest and most uncomfortable conditions were added to ill suc- 
cess he remained cheerful and good humored, hoping to the last to achieve something by which 
a failure might be converted into a triumph. He met with many adventures in his varied 
traveling, and in unhealthy countries contracted many fevers, which failed to lessen his enthu- 
siasin for his work, but he rarely spoke of his adventures. In his younger days, when collect- 
ing in Florida, he was down with severe fever and has told us how, at the time, numbers of a 
fine Sidiingid moth, the caterpillars of which he had laboriously collected, were emerging in 
numbers in the room in which he lay, and how he spent the night alternately in killing the 
specimens, lest they should damage themselves, and in lying in a fainting condition on the 
floor. As would naturally be expected, he was the discoverer of great numbers of species of 
insects which were new to science, and many were named after him by their describers. 


BIOGRAPHICAL SKETCH OF THE WORK OF ALBERT KOEBELE IN HAWAII 


By O. H. SwEZEY 

Mr. Albert Koebele was tlie pioneer economic entomologist in the Hawaiian Islands. He 
was one of the first, if not the very first, entomologist to engage in the introduction of their 
natural enemies as a method of combating insect pests. His early work in this line was in 
California, where he introduced from Australia in 1888-89, the lady beetle Novms cardinalis 
Muls. as an enemy to the cottony cushion scale, Iccrya purehasi Mask., a serious citrus pest. 
This was a remarkable success, and was considered to have saved the citrus industry from ruin. 

At this time, Koebele was in the employ of tlie U. S. Department of Agriculture, an appoint- 
ment which commenced in 1881-82. It was in 1885 that he was transferred to the Pacific 
Coast region, where he established his home at Alameda, California. During the several years 
that he was working in California he was chiefly engaged in the introduction of beneficial 
insects. Two trips were made to Australia for this i>urpose. This period of work ended on 
September 30, 1893, when he resigned from the U. S. Department of Agriculture to take up 
similar work in Hawaii, at first under a Commissioner of Agriculture of the provisional govern- 
ment, later as entomologist of the Board of Agriculture and Forestry, after the latter was 
organized, and about 1903 or 1904 was placed on the staff of the Experiment Station, H.S.P.A., 
as consulting entomologist, which position he held at the beginning of the Great War. 

It has been impossible to obtain exact records of the work and travels of Mr. Koebele dur- 
ing his early work in Hawaii. However, during 1894-95, he made an extensive tour of Aus- 
tralia, Ceylon, China and Japan in search of beneficial insects desirable of introduction. Many 
lady beetles were introduced at this time. Among those which have become established and 
continue effective up to the present are Cryptolaemus montrouzieri Muls., Bhizobius ventralis 
Erich, from Australia preying on mealybugs; Orcus clialybacus (Boisd.), Serangium 7nacuU- 
germn Blkb. from Australia, Chilocorm circu^ndatus Schon. from China, Sticholotis punciatus 
Crotch from China, all on diaspine scale insects; Coelophora inaeqiuilis (Fab.), Platymnns 
livkUgaster Muls., Diomm notescens (Blkb.) from Australia and Coelophora pupillata (Schon.) 
from Hongkong, all preying on plant lice. Among parasites that were introduced on this trip 
are Chalets obscurata Walker and Microbracon omiodivorntm (Terry), both from Japan and 
parasitic on leafroller caterpillars, the Microbracon being especially effective on the sugar cane 
leaf roller. 

In 1896-97 considerable time was spent in Mexico, Arizona and California, from which places 
large quantities of lady beetles were sent, also many kinds of cutworm enemies, but apparently 
these mostly failed to become established. 

In 1899-1900, Koebele went on another trip to Australia, spending some time in Fiji on 
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t&© way, aad als© going to Hongkong on the return voyage. Many shipments of beneficial 
insects were niade on this trip, particularly from Australia. 

Boring the greater part of 1902, ^^Coebele was studying the insects affecting lantana in 
Menicoy and sending to Honolulu those which he found to be particularly attached to lantana 
and not likely to become injurious to any other plants. At that time, Br. B. C. L. Perkins was 
employed by the Territory and assisted Koebele in his work. The parasite material sent by 
Koobele was taken care of by Perkins and liberations made in favorable places for them to 
become establishi^^ at the same time destroying parasites, many of which affected most of the 
insects which it w6s desired to introduce. The enemies to lantana which were successfully 
introduced were as follows: Two butterflies, Thdcla echion Linn, and Theda agr a How. y whose 
larvae feed on lantana flowers; two mot)i6y Crocidosema lantamae Busck, and Platyptilia pmil- 
lidactyla Walker, whose larvae destroy the lantana flower clusters; a leaf -miner, Cremasto- 
homhycia lantanella Busck, whose larvae feed inside the leaves ; a loaf -bug, Tele anemia lantanae 
Bist., the young of which feed so numerously on the under side of the leaves as to destroy 
them and check the new growth of the plaUt sufficiently as to prevent flowering ; a stem gall- 
fly, Entreta xanthochaeta Aid., whose larvae live in enlargements of the freshlj^ growing stems; 
a seed-fly, Agromysa lantanae P^rogg., whose larvae feed in the fruits, often destroying the 
seeds, and usually causing the fruits to dry up, so that they are not eaten by birds witJi the 
resultant scattering of seeds. Tlie combined results of the work of those eight introduced 
insects is to greatly reduce the enormous production of seeds that formerly occurred on lantana 
and which were so widely dispersed by the ripened fruits being eaten by birds. 

During the summer of 1903, Koebele investigated leafhopper parasites in Ohio, where the 
writer had published a note on a dryinid parasite of a leafhopper occurring in grass lands of 
tbnt region. He sent many hundreds of these parasites, and other leafhopper parasites that 
he discovered, to Hawaii to be tried on the sugar cane leafhopper which at that time was be- 
coming very destructive on many of the sugar plantations. All of tliese Ohio parasites failed, 
and in the early summer of 1904, with Perkins, Koebele went to Australia in search of leaf- 
hopper enemies. Many were discovered in Queensland and attempts made at their introduction. 
The only successful introductions were four egg-parasites, the most important of which was 
Paranagrus opiahilis Perkins, the second in importance being Ootetrastichus heatus Perkins, 
which was secured in Fiji, where Koebele stopped a short time on the return from this trip. 
The work of these egg-parasites resulted in greatly checking the leafhopper pest so that it was 
no longer a menace to the sugar industry. Another introduction at this time was Aphanomerus 
pusillns Perk., an egg-parasite on the torpedo -bug Siphanta acuta Walker, which was a pest 
on coffee, citrus and other garden and ornamental trees. 

When he returned from Fiji, a short time was spent in Honolulu in the summer of 1905, 
Which was the last time Koebele was in Honolulu. He went to California shortly afterward, 
and at different times in 1906-8 attention was given to the study of sugar cane insects and 
their parasites in Mexico and to the enemies of hornfly in Mexico and Arizona. A number of 
minor introductions were made. Those that succeeded were: Eucoila impatiem Say from 
Arizona in 1906, a parasite on dipterous larvae in cow d^ng; Azya hiteipcs Muls. from Mexico 
in 1908, a lady beetle feeding on Leeanium scales; Hyperaspis joeosa (Muls.), from Mexico 
in 1908, a lady beetle feeding on Orthezia indgnis Douglas. 

The latter part of 1908, Koebele went to Waldkirch, Germany, his boyhood home, where he 
was born in 1852. This was mainly as an opportunity for the recovery of his health which 
Imd been greatly impaired by so much time spent in entomological exploration and research 
work in fever-infested regions of the tropics. While there during the summers of 1909-11, he 
atudled the enemies of hornfly, and sent much material to Honolulu, but little, if any, success 
was obtained by this. In 1910, on account of continued failing health, he was relieved from 
active duty, though still retained as Consulting Entomologist by the H.8.P.A. He continued 
living in Germany and was there during the Great War, on account of which he was reduced 
to very meager circumstances and both he and his wife suffered great hardships. At the close 
0 # the urar, as soon as it was learned of their circumstances, attempts were made by the 
Hnwhilsn Siigni^ Planters’ Association to arrange for their return to their home in Alameda, 
California. By the time that all arrangements were completed, however, he had become too 
fee^ for undertaking such a trip. He continued to fail and his death finally occurred Becem- 
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The services rendered by Mr, Koebele and the benefits derived by the agricultural and 
horticultural interests of Hawaii by his introduction of beneficial insects cannot be estimated 
in dollars and cents. He made the beginning in this line of work, and much of the time was 



Albert Koebele 

Enlargement from a family group taken at his former home in Germany. 

(Courtesy of W. M, Giffard.) 

working alone, yet seventeen species of ladybeetles were successfully introduced by him and 
have become valuable factors in keeping reduced such pests as scale insects, mealybugs, plant 
lice and leaf-mites. At least six other ladybeetles were introduced and became established, 
but after a few years disappeared. The eight lantana insects wore introduced by him, and 
about the same number of miscellaneous parasites of Diptera, Lepidoptera, etc. Following 
Koebele in this line of work, the other entomologists have introduced a larger number of bene- 
ficial insects and some of them have produced more valuable results, but this should not in 
any wav lessen the credit to be given to him who was the pioneer in Hawaii in this important 
phase of entomological work. 

Papers and reports by Koebele or concerning his Hawaiian work were publisllpd as follows: 

Report of a trip to Australia to investigate the natural enemies of the fluted scale. U.S.D.A., 
Ent. Bui. 21, 1890.^ 



Studies of parasitic and predaceous insects in New Zealand, Australia and adjacent Islands.* 
U. S. Dept, of Agriculture, pp. 1-39, 1893. 

Professor Koebele and his work. Planters' Monthly, XV, p. 103, 1896. 

Eeport on insect pests. Planters' Monthly, XV, pp. 590-598, 1896, 

Beport of the entomologist of the Hawaiian government. Planters' Monthly, XVI, pp. 65-85, 
1897. 

Beport of Professor Albert Koebele, entomologist of the Hawaiian government. Planters' 
Monthly, XVII, pp. 208-219, 258-269, 1898. 

Beport of Professor Albert Koebele, entomologist. Report of the Com. of Agr. and Forestry 
for 1900, pp. 36-49, 1901. Also in Planters' Monthly, XX, pp. 299-309, 1901. 

Beport of Professor Koebele on destruction of forest trees, Hawaii. Kept, of the Com. Agr, 
and Forestry, Hawaii, for 1900, pp. 50-60, 1901. 

Notes on insects affecting the Koa trees at Haiku forest on Maui. Kept, of the Com. Agr. 
and Forestry, Hawaii, for 1900, pp. 61-66, 1901. 

Report of Professor Koebele on Lantana scale. Rept. of the Com. Agr. and Forestry, Hawaii, 
for 1901-02, pp. 54-65, 1903. 

Report of Professor Albert Koebele. Third Report of the Board of Com. of Agr. and Forestry, 
Hawaii, for 1906, pp. 159-164, 1907. 

Insect investigations in Mexico. Fourth R(‘pt. Board of Com. of Agr. and Forestry, Hawaii, 
pp. 89-97, 1908. 

Report on the enemies of Lantana camara in Mexico, and their introduction into the Hawaiian 
Islands. Ent. Bui. No. 16, Exp. Station, H.S.P.A., j)}). 54-71, 1923. 


Preface 

The following paper is the first of a series of parts dealing with the Koebele 
collection of Coccinellidae, which it is hoped may be finally comi)letcd. The first 
part deals solely with the tribe Coccinellini, or subfamily Coccinellinae as I prefer 
to call it. The species found in the collection are listed in wliat is believed to be 
the most natural sequence, with descriptions of such varieties and s])ecies that 
appear to be new. The notes in brackets are copied verbatim from Mr. Koebele’s 
field note books and will be found to add ecological data of great value in many 
cases. In the Appendix 1 have added tables and descriptions which could not be 
interpolated conveniently in the list. 

It has been found advisable to introduce a considerable number of new genera, 
particularly in the forms allied to the old genera Cycloncda and Coefophora. It is 
with some misgivings that I propose these, for while they are strictly commensu- 
rate in value to those in use for the fauna of North America and Europe, there is 
some doubt that the fauna of the whole world will stand such fine division. Par- 
ticularly is this true of the fauna of the tropics, both of the Old and the New World, 
where the species of Coccinellidae are more numerous than in temperate regions. 
It has been suspected by some workers that the genera of the tropics would be found 
to be much less stable, or with more annectent forms, than is true of those inhabit- 
ing the temperate regions, and this view is probably based more or less on fact. 
However, the genera here proposed are natural groups and distinct in the usual 
morphological as well as genital characters. 

It is necessary to add that the new genera, that are founded on described and 
presumably correctly recognized species, are nevertheless based on my recognition 

* This paper is concerned with Koebele 's work before coming to Hawaii, but the knowledge 
gained thus was of great assistance when bo began here, and deals with the same species as 
many of his early introductions to Hawaii. 
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of those species. This statement is made in view of Opinion 65 of the International 
Commission on Zoological Nomenclature, which seems to be interpreted by some 
authors as an excuse to accept all genotype designations at face value, even when 
it is known that certain species so designated are misdeterminations. It should be 
the aim of the taxonomist to apply names (both specific and generic) as close to 
the original usage as his knowledge permits. Any procedure which contraverts 
this principle seems to me decidedly unscientific. 

P. H. TIMBERLAKE. 


Eiverside, Calif. 
March 21, 1938 


COCCINELLINAE 

NAEMIA Mui .SANT 
Naemia seriata (Melsheimer) 

New Jersey, 2 specimens ; Texas, 1 ; Staten Island, New York (Ormande), 1 ; 
Alameda, California (Koebele), 1. 

PARANAEMIA Casey 
Paranaemia vittigera (Mulsant) 

Siskiyou County, California, July (Koebele, No. 30v37), 2; Alameda, California 
(Koebele), 2; Arizona (Koebele, No. 2429), 1; Guadalupe, Federal District, 
Mexico, Nov. 1907 (Koebele), 2. 

I can not agree with Casey in the separation of P. similis Casey, and hardly 
believe that it is worthy of varietal or sul)specific rank. 

COLEOMEGILLA Ti MBEKLAKE 

The generic name Colcomcgilla was first used by me in Proc. U. S. Nat. Mus. 
56, p. 139, unfortunately without credit to Cockerell, from whom the name had been 
received. Although I tried to correct this error later, I think it is necessary to take 
the literature as it stands and credit the name to the first user. 

Leng has sought to synonymize Colcomcgilla with Ccrafomcgilla Crotch, but I 
have examined the ty])e species of the latter genus and l)elieve that it is much more 
closely related to Hippodamia and Adonia than to Colcomcgilla. 

Coleomegilla maculata lengi new subspecies {fuscilahris Casey, Leng and other 

authors, but not Mulsant) 

Rochester, New York, May 17, 1898, 4 (})aratvpes) ; Columbus, Ohio, Aug. 
1903 (Koebele), 6 (holotype and paratypes). 

This is the familiar Coleomegilla of eastern United States described and figured 
many times under the name of maculata or fuscilahris and hence requires no fur- 
ther description. When Leng described his floridana he evidently neglected to 
check the original description of fuscilahris (Mulsant) for otherwise he would have 
discovered that floridana is identical with fuscilahris which was described from New 
Orleans. 

The race decepta (Blatchley) described as a form of maculata is not that species 
at all but is a southern race of Naemia seriata (Melsheimer). I have seen it from 
Beaufort, South Carolina, several localities in Florida and from Cuba and Haiti. 
It should be cited as Naemia seriata decepta (Blatchley). 
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Coleomegilla maculata strenua (Casey) 

Sonora, Mexico (Koebele, No. 1680), 3. 

(*'1680. Four specimens mounted from Hermosillo, Mex., April 1897, found 
in bush infested with aphids.”)* 

This is hardly distinct from the more northern and eastern lengi by the char- 
acters cited by Casey, although it does undoubtedly average a little larger in size. 
However, there is a slight diflference in the male genitalia, hence I am disposed to 
recognize it as a subspecies. 

Coleomegilla maculata medialis (Casey) 

Cuautla, Morelos, Mexico, Nov. 21, 1907 (Koebele), 6. 

This race of Central America and the more tropical parts of Mexico has the 
head more strongly punctured than in strenua, and the markings are somewhat 
different. It intergrades northward with strenua and I have seen annectent speci- 
mens from Rosario, Sinaloa; Tuxpan; and Paso del Norte, Chihuahua. 

ERIOPSIS Mui .SANT 

Eriopsis opposita (Guerin) 

Chile, 1 specimen. 

ANISOSTICTA Cu EVROLAT 

Anisosticta 19-punctata (Linnaeus) 

Berlin, Germany (Weise), 1 male. 

Anisosticta bitriangularis (Say) 

Peekskill, New York, June 24, 1893 (Ormande), 1. 

MACRONAEMIA Casey 

Macronaemia episcopalis (Kirby) (Plate I, Fig. 1) 

Eldorado County, California, June, 1901 (Van Dyke), 1. 

ADONIA Mui -SANT 

Adonia variegata (Goeze) 

Waldkirch, Baden, Germany (Koebele), 3. 

HIPPODAMIA ClIEVROLAT 
Hippodamia tibialis (Say) 

Columbus, Ohio (Koebele), 4; Kansas (T. B. Ashton), 2; Oregon (Koebele), 1. 

Hippodamia parenthesis (Say) 

Boston, Massachusetts, June 16, 1894 (Ormonde), 1; West Point, Nebraska, 
June, 1884, 1; Easton, Washington (Koebele), 1. 

Hippodamia lunatomaculata (Motschulsky) 

Oregon (Koebele, No. 11), 3. 

Hippodamia apicalis (Casey) 

Argus Mountains, California, May, 1891, on Pinus monophylla (Koebele), 1; 
Placer County, California (Koebele), 1, and 1 male without data. 

* This and subsequent quotations are from Koebele ’s field note books. 
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Hippodamia sinuata Mulsant 

San Francisco County, California (Horn), 1; Alameda, California (Koebele, 
No. 18), 3. 

Hippodamia sinuata spuria Leconte 

Oregon (Koebele, No. 12), 3; Alaska, 2. 

Hippodamia koebelei Timberlake 

Hippodamia convergens, var., Gorham, 1891, Biol. Centr. Amer. 7, p. 153, pi. 
8, fig. 24 (at least in part). 

Exactly reseml)ling in size and coloration the immaculate variety of Hippodamia 
convergcns and hitherto confused with it, but easily distinguished in the male sex 
by the dilated front and middle basitarsi. The female is hardly distinguishable 
except by the more or less uncertain character of having the pale border of the 
pronotum narrower and more even throughout. 

[While this paper was awaiting publication, the description of Hippodamia 
koebelei, designated by Mr. Timberlake as a new sj^ecies, was withdrawn and pub- 
lished in Proc. Ent. Soc. Washington, 44 : 39, 1942. This was done as it was desired 
to use the name in other literature awaiting publication. — O. H. S. | 

Mexico, May 22 and 27, 1922 (E. G. Smythe) ; 1 ^ Mexico City (O. W. Bar- 
rett) ; 1 ^ Oaxaca, Mexico (L. ( ). Howard) ; 1 ^ Las Vegas, Mexico (Hoege) i 
1 $ Mt. Diabola, Puebla, Mexico, July 29, 1901 (R. H. Hay) ; 1 9 Durango, 
Durango, Mexico (F. C. Bishoi)p) ; and 1 <?, 1 9 Mexico ( Koebele, No. 1687). 
(See note No. 1687, under H. cotwergens.) 

Types in U. S. National Museum, Cat. No. 55902, except the last female 
recorded above which belongs to the Koel)ele collection. 

Hippodamia caseyi Johnson 

Placer County, California (Koebele No. 8), 15 specimens; Easton, Washing- 
ton (Koebele No. 9), 4. 

This is the species called leconfei in my ])aper on Hippodainia (Jour. New York 
Ent. Soc., 27, p. 168 and 169, 1919). How'ever, the real leconfei was described 
from New Mexico and, as 1 now recognize it, it is a form very close to //. glacialis 
and possibly only a subspecies. It occurs evidently along the eastern slope of the 
Rocky Mountains. The ])resent sj)ecies occurs from the Rocky Mountains west- 
ward to the Pacific Coast. It was found in the Casey collection under this name 
and as a part of the s])ecimens were received from Johnson, the name is probably 
authentically a])plied, but the types of caseyi, if any are existent, should be inves- 
tigated. 

Hippodamia convergens GinVin 

Newark, New Jersey, Aug. 16, 1896 (Ormonde), 1 ; San Francisco, California 
(Koebele, No. 5 and 6), 2; Placer County, California (Koebele), 8; Alameda, 
California (Koebele), 2; Santa Cruz Mountains, California, 1; Siskiyou County, 
California (Koebele, No. 7), 3 ; Eldorado County, California (Koebele), 2; Arizona 
(Koebele, No. 2417), 2; El Paso, Texas (Koebele, No. 1651), 1; Sonora, Mexico 
(Koebele, No. 1651), 4; Morelos, Mexico (Koebele, No. 1651), 5; Vera Cruz, 
Mexico (Koebele), 1; Mexico (Koebele, No, 1687), 10. 

(‘T651. One specimen, El Paso, Texas; one at Cuautla, Morelos, Mexico; 
Califarnia. More from Cuautla.’’ 
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'‘1687. Common on pine and fir trees, base of Popocatepetl, Mexico, May 
1897, and feeding upon aphis.’’) 

Hippodamia IS-maculata Mulsant 

West Point, Nebraska, June, 1888 (Bruner), 1 female. 

Hippodamia moesta Leconte 

Oregon (Koebele No. 23), 1 female. 

Hippodamia moesta bowditchi Johnson 
Alaska, 1 female. 

From study of other material I have concluded that bowditchi is a form of 
moesta. 

Hippodamia 5-signata uteana Casey 

Goldfield, Nevada, June 27, 1907 (apparently collected by Nunenmacher), 6; 
Placer County, California (Koebele), 1; Siskiyou County, California, August 
(Koebele), 1; Panamint Mountains, California, April, 1891 (Koebele, No. 10), 6. 

Hippodamia 5-signata ambigua Leconte 

San Francisco County, California (Koebele, No. 2, 3 and 4), 6. 

San Francisco is the type locality of punctulata Leconte, and ambigua was de- 
scribed from California and Oregon without a more definite type locality being indi- 
cated. After a careful consideration of the original descriptions I conclude that 
ambigua and punctulata are probably too similar to be kept separated satisfactorily, 
although I have seen little or no material from the northern part of California where 
typical ambigua should be found, if anywhere, in a more constant condition. In 
fact, typical ambigua as I deduce it from description is intermediate between obliqua 
Casey and punctulata Leconte. Specimens from southern California commonly 
have the pronotum white only on the anterior angles, but the j)Osterior angles may 
have a smaller white spot, a white dash may occur at the middle of the anterior 
margin and two small white spots may occur on the disk. Specimens from the 
vicinity of San Francisco Bay commonly have the additional adornments and the 
pronotum also may be white clear across the anterior margin. Such is the condi- 
tion as described for punctulata. A^nbigua is described as having the lateral and 
anterior margins and two small discal spots white, with the discal spots and white 
anterior margin sometimes absent. It thus becomes a mere matter of choice or 
expediency whether to merge obliqua with ambigua, or to preserve obliqua and 
merge punctulata with ambigua. It is perhaps better to follow customary usage, 
unless all three names could be preserved, which might be a happy solution of the 
dilemma. 

Hippodamia 5-signata obliqua Casey 
Oregon (Koebele, No. 1), 4. 

Hippodamia glacialis (Fabricius) 

Columbus, Ohio, Aug. 1903 (Koebele), 3; Gravesend, Long Island, New York, 
Aug. 22, 1896 (Ormonde), 1. 

Hippodamia extensa Mulsant 

Alameda County, California (Koebele), 3. 
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SEMIADALIA Crotch 
Semiadalia notata (Laicharting) 

Waldkirch, Baden, Germany (Koebele), 8. 

COCCINELLA Linnaeus 
Coccinella 7-punctata Linnaeus 

Waldkirch, Baden, Germany (Koebele), 5. 

Coccinella 7-punctata bruckii Mulsant 
Japan (Koebele, No. 1218), 3. 

(*‘1218. At Yokohama, Japan, beginning of March 1895, two specimens hiber- 
nating amongst a bunch of liliaceous leaves. One on floor of hotel. May 25, 1895, 
common upon most any aphid in larva state ; some of the mature insects already 
out. Later on, common upon the hop aphis and various others on low plants. Bred 
parasite of pupa marked No. 1218, a species of Tetrastichine.”) 

Coccinella nivicola monticola Mulsant 

Boston, Massachusetts, June 29, 1898 (Ormonde), 1; Placer County, Califor- 
nia (Koebele), 2. Also 1 female without data belonging to the variety or race 
alutacca Casey. 

Coccinella prolongata Crotch 

“Washington Territory,"' 1 female. 

Coccinella californica Mannerheim 

Sonoma County, California, C)ctober (Koebele), 1 female. 

Coccinella transversoguttata Faldermann 

Oregon (Koebele), 5; Placer County, California (Koebele), 1; Mexico (Koe- 
bele, No. 1686), 7; Guadalupe, D. F., Mexico, Nov. 1907 (Koebele), 1 ; Ecuador 
(Baron), 1. These are mostly of the form nugatoria Mulsant. 

(“1686. Seven specimens while beating, base of Popocatepetl, 10,000 ft.. May 
1897, on aphis on Pinus,^') 

Coccinella 9-notata Herbst 

Arlington Heights, Massachusetts, July 21, 1896 (Ormonde), 2; Newark, New 
Jersey, Aug. 16, 1896 (Ormonde), 1; New York (T. B. Ashton), 1; Columbus, 
Ohio (Koel)ele), 4. 

Coccinella 9-notata degener Casey 

Siskiyou, California, July (Koebele), 1. 

Coccinella 5-punctata Linnaeus 

Waldkirch, Baden, Germany (Koebele), 4. 

Coccinella trifasciata Linnaeus 
Easton, Washington (Koebele), 2. 

Coccinella trifasciata eugenii Mulsant 

Siskiyou County, California (Koebele), 1. 

Coccinella trifasciata Juliana Mulsant 

Alameda, California, November (Koebele), 1; Santa Cruz Mountains, Cali- 
fornia (Koebele), 1. 

Coccinella trifasciata subversa Leconte 

Oregon (Koebele), 2; Easton, Washington (Koebele), 1; Alaska 1. 
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Coccinella hieroglyphica kirbyi Crotch 

Coccinella tricuspis Kirby, 1838 (not Thunberg, 1794). 

Minnesota, Sept. 1896 (Wickham), 1 female. 

Dobzhansky in his revision of the North American species of Coccinella states 
that the genitalia of tricuspis are completely like those of hieroglyphica Linnaeus. 
However, I have observed a slight difference in the few specimens that I have com- 
pared, but perhaps not enough of a difference to lead one to suppose that kirbyi is 
much more than a subspecies of hieroglyphica. The median lobe of the tegmen is 
a little shorter in kirbyi than in hieroglyphica and tapers gradually from the broad- 
est part just before the base to a narrower and more acute apex. The ventral sur- 
face of the apical part is appreciably tectiform. In hieroglyphica this lobe is appre- 
ciably less triangular in outline, the sides being more arcuate and the apex blunter. 
The apex is also just appreciably curled upward and the ventral surface of the 
apical part is much more depressed than in kirbyi. The paramera in kirbyi are also 
slightly more expanded on the apical half. 

Coccinella hieroglyphica humboldtiensis Nunenmacher 

Siskiyou County, California (Koebele), 2 females. There is also 1 male with 
the same data in the U. S. National Museum. 

The genitalia of huuiboldtieusis are exactly as in kirbyi. 

Coccinella novae-zelandiae Colenso 

New Zealand (Koebele), 6; Paramatta, New South Wales, June 2, 1904 (Koe- 
bele), 1 female. 

This species of the southern hemisphere corresponds to the holarctic C. 11- 
punctata Linnaeus, and indeed is not very distinct therefrom. I have also seen 
one male that was collected by O. H. Swezey in Field 39, Oahu Sugar Company, 
Hawaii, June 1, 1923. 

Coccinella transversalis Fabricius 

Coccinella transversalis Fabricius, 1781. 

Coccinella repanda Thunberg, 1781.’’' 

China (Koebele, No. 1337), 1 ; Formosa (Koebele, No. 1337), 1 ; Ceylon (Koe- 
bele, No. 1209), 2; Australia (Koebele, No. 17), 31 ; New South Wales (Koebele, 
No. 1158), 3 ; Gordon, New South Wales (Koebele), 1 ; New Caledonia (Koebele), 
3; Fiji (Koebele), 1; and 12 specimens without data, probably from Australia. 

(“1337. One specimen saved, collected upon pine, Kowloon, Nov. 1895. Amoy, 
China, Dec. 9, 1895, and Swatow, hibernating. Kowloon, on various plants, not 
breeding, Dec. 13, 1895. Bred from larva found upon a liliaceous plant infested 
with aphids and Dactylopius, Oct. 11, 1895. At Tamsui, Formosa, beginning of 
Dec. 1895, one specimen. Many sent to Honolulu during above time.’' 

“1209. One specimen brought to me from Aragam, Dec. 27, 1894. Very com- 
mon amongst grass in larva, pupa and imago state. Some sent to Honolulu. Out 
of ten pupae collected but one of these produced the mature insect, and all others 
chalcid parasites which are mounted and bear this number. Parasite is Syntoinos- 
phyrum sp.” 

“1158.”) See Koebele note under Coelophora inaequalis, var. 9-maculata (Fab.). 

Coccinella leonina Fabricius 

New Zealand (Koebele), 1 female. 

^ €. transversalis has a few month ^s priority as claimed by Mulsant. 
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COCCINELLINA NEW GENUS 

The neotropical species (except (7. transversoguttata Fald.) which liave been referred to 
Coccinella are rather different from the familiar holarctic species, being mostly small, or rather 
small, more or less oval and less convex species. Structurally they are very similar to Coccinella 
but lack the oblique line of the metacoxal plate, the bounding line curving off very close to the 
hind margin of the segment. Mesosternum sometimes very slightly sinuate in front medially. 
Pronotum black with a narrow x>*ile border on anterior and lateral margins and sometimes 
with two discal spots. The male genitalia of Coccinellina are in general similar to those of 
Coccinella, but the median lobe of the tegnien is not modified as in some si^ecies of Coocinella 
(c.i., C. 9-notata Herbst, C. transversoguttata Paid., etc.,) but agrees better with such species 
as C. Jiieroglyphica Linn, and C. 11-punctata Linn. On the dorsal surface of this lobe are two 
groui)s or two lines of fine hairs. 

The following Central and South American species, all described under Coe- 
cinella, may be included at least i)rovisionally under Coccinellina: C. ancoralis 
(Mills.), C. areata (Muls), C. cniarginata (Muls.), C. cryngii (Muls.), C. fulvi- 
pennis (Muls.), C, lucasii (Muls.), C. petit ii (Muls.), C. pulchella (Muls.). Of 
these s|)ecies C. cmarginata {Coccinella cniarginata Mulsant) may be taken as the 
genotype. 

Coccinellina emarginata (Mulsant) 

Mexico (Koebele, No. 1688), 2; Morelos, Mexico, October (Koebele, No. 
1688), 2; Vera Cruz, Mexico (Koebele), 1. 

I have seen examples of this species from many other localities in Mexico, also 
Nicaragua (Managua and San Marcos), Costa Rica (San Jose, Zarzero and Tila- 
ran), Honduras (Tegucigaljia), Venezuela (Merida) and Ecuador (Mera and 
Banos). 

(“1688. A form that I cannot place, close to C. sanguiuea. One specimen at 
Cuautla, Morelos, four on Pox)ocate]:)etl, Mex., marked with this number. ^^) 

Coccinellina lucasii (Mulsant) 

Chile (Pfordte), 2. 

ADALIA Ml JLSANT 

Adalia bipunctata ( Linnaeus) 

Waldkirch, Baden, Germany (Koebele), 1; Trigny, France, Aug. 1901 (Koe- 
bele), 2; New York, 2; Philadelidiia, Pennsylvania, Oct. 1903 (Koebele), 2; 
Columbus, Ohio, Stpi. 1903 (Koebele), 1. 

Adalia bipunctata, var. quadrimaculata (Scopoli) 

Waldkirch, Baden, Germany (Koebele), 2; Marin County, California (Koe- 
bele), 1; Flayward, Alameda County, California, on Coccus hesperidum Linn. 
(Koebele), 1; Alameda County, California (Koebele, No. 24), 1; Placer County, 
California (Koebele), 1; Siskiyou County, California (Koebele), 1; Davenport, 
Tulare County, California, 6400 feet, May, 1903, on willow (Fuchs), 4. 

Adalia frigida (Schneider) 

From the work of Miss Miriam A. Palmer in Colorado on the heredity of Adalia 
we may safely conclude that most if not all the endemic North American forms of 
this genus may be referred to the holarctic species A. frigida (Schneider). The 
forms are in no sense geographic races but rather genetic forms or color phases 
and. more or less perfectly segregant in heredity. 
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The following forms are found in the Koebele collection : 

var. parvula Weise 

Massachusetts, 1; Michigan, 1. 
var. melano pleura (Leconte) 

Placer County, California (Koebele), 1; Easton, Washington (Koebele), 2. 
var. inmiaciilata Johnson 

Oregon (Koebele, No. 20), 1 ; Alameda, California (Koebele, No. 21 and 501), 

1 . 

var. anncctans (Crotch) 

Oregon (Koebele), 1 ; Siskiyou County, California, July and August (Koebele, 
No. 19), 2; Placer County, California (Koebele), 2; Eldorado County, 
California (Koebele), 1; Alameda, California (Koebele), 1; Argus Moun- 
tains, California, on Pinus monophylla May 1891 (Koebele, No. 20), 1. 

Adalia 10-punctata (Linnaeus) 

Waldkirch, Baden, Germany (Koebele), 5. These are mostly of the variety 
1 0-piistulata ( Linnaeus ) . 

APHIDECTA Weise 

Aphidecta oblitera (Linnaeus) 

Waldkirch, Baden, Germany (Koebele), 8. 

TYTTHASPIS Crotch 

Tytthaspis 16-punctata (Linnaeus) 

Berlin, Germany (Weise), 1 male. 

SYNHARMONIA Ganglehai r 

Synharmonia conglobata (Linnaeus) 

Yvours, France, July, 1901 (Koebele), 1 female. 

CISSELLA Weise 

Cissella furcifera (Guerin) (Plate I, Fig, 2) 

One specimen of this Australian species in wretched condition and without data, 
except the number 2595. 

The claws are entirely missing, but one antenna is complete and ten-jointed by 
partial fusion of the normal last two joints. Joints 3 and 4 about as long as thick. 
Joints 5 and 6 subequal, somewhat longer than either 3 or 4, and about one and one- 
third times longer than wide. Joints 7 and 8 subequal as to length, each somewhat 
longer than either 5 or 6, 7 being hardly wider at apex than the preceding joints, 
but 8 distinctly so. Joint 9 somewhat longer than 8, widened toward apex, and 
about one and one-third times longer than wide. Joint 10 (10 and 11 fused) ob- 
long, somewhat more than one and one-half times longer than wide, and slightly 
contracted at each end, with the apical margin very slightly oblique. On one sur- 
face the suture separating joints 10 and 11 may be distinguished, both joints being 
distinctly broader than long and 10 distinctly larger than 11. The markings are in 
close accord with Mulsant's description. 

Crotch's recognition of a species of V crania as furcifera was of course not 
souiid. 
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COCCINULA Dobziiansky 

Coccinula 14-pustulata (Linnaeus) 

Bas-Alpes, France, 1901 (Koebele), 1. 

HARMONIA Mulsant 

The type of Harnionia has never been cited definitely to my knowledge. Four 
species were originally included, and of these Coccinclla mar gine punctata Schaller 
(C. 4-punctata Pontoppidan) is here selected as the type. On this basis Ptychanatis 
Crotch, 1874 (type, Coccinclla axyridis Pallas) and CaJlineda Crotch, 1871 (type, 
Coccinclla 16-notata Fab., per Rye, 1873)* fall as synonyms. Also most of the 
species included in Lets Mulsant, 1850 (type, Coccinclla dimidiata Fab., per Crotch, 
1874) and in Stictolcis Crotch, 1874 (orthotype, Coccinclla coryphaca Guerin) 
must be assigned to Harmonia, although T have had no opportunity to investigate 
the genotypes. The genus is very widely distributed in Europe, Asia, Africa and 
Australia but does not occur in the New World. 

Harmonia axyridis (Pallas) 

China (Koebele, No. 1312), 14; Hongkong, China (Koebele, No. 1312), 6; 
Formosa (Koebele, No. 1312), 1 ; Japan (Koebele, No. 1235), 56. Also 66 speci- 
mens without data, but presumably from China. 

This large series shows the usual well known variation in markings. 

(“1235. Very numerous at Miyanoshita, Japan, April 6-8, 1895, upon various 
trees and sometimes in lots, yet hibernating. Also Atami a few days later, here 
already laying eggs with aphids on rose. A variable insect, many pinned. Quite 
common upon aphis on ma|)le at Yokohama, April 20, 1895. Many sent to Honolulu. 

“Became very numerous the end of IMay and beginning of June, when the second 
brood began to appear. Feeding upon any kind of aphid and Lachnus, a bluish 
a])liid u]X)n Podocarpus, Kennaphis pini on pine. Sept. 12, 1895, at Tumato, Japan, 
upon willow infested with a]^his, large numbers of pupae wxre observed, and at 
Nikko on Sept. 19, 1895, upon w'aliiut infested with a pale spiny aphid and a leaf- 
hopj)er (Lcdraf), larvae of all sizes were still present and beetles [that were] col- 
lected oviposited many eggs.'' 

“1312. Very almndant upon Pinus sinensis, at Hongkong, China, Oct. 21, 1895, 
and here feeding uj)on Lachnus infesting these trees. Eggs were numerous but 
since 1306 [Sospita chinensis Mills.] and 1307 \BothracaIvia albolincata Schonh.] 
were also numerous it cannot be stated to which they belonged. Bred from larvae 
on Lachnus. Also at Tamsui, Formosa, upon pine infested with Lachnus, Dec. 6, 
1895.") 

Harmonia conformis (Boisduval) 

Australia (Koebele, No. 3), 15; New South Wales (Koebele, No. 1003), 1; 
Bundaberg, Queensland (Koebele), 2. 

(“1003. Common all over S. Australia, Victoria, New South Wales and south- 
ern Queensland, chiefly feeding upon Aphidae, yet later in the season doing good 
work on the woolly aphis. Bred same parasite from this beetle as found in Europe 

* Crotch in his Eevision (1874) selected CalUneda deenssafa Crotch as tlie type of Callineda. 
As this species is not congeneric with the type selected by Rye (Zool. Rec. 8, p. 329), I propose 
Mhopaloneda, n.n., for CalUneda Crotcli, 1874 (not Crotch, 1871). 
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and America. At Mt. Victoria, N. S. W., March 28, 1892, breeding upon Erio- 
coccus leptospermi Mask. 

“Observed eggs on orange infested with aphis at Honolulu, March, 1894, from 
specimens liberated on tree two weeks previous.*’) 

Harmonia antipodum (White) 

New Zealand (Koebele, No. 486), 4. 

(“486. Found these insects quite abundant, feeding on Ctenochiton viridis 
Maskell, near Auckland, N. Z. They were at the time, Feb. 23, 1889, in all stages 
from eggs to the mature insects.”) 

Harmonia testudinaria (Mulsant) 

Australia (Koebele, No. 19), 5, two of these with the additional data: Too- 
woomba; Brisbane, Queensland (Koebele), 10; Bundaberg, Queensland (Koebele), 

2 . 

(“1019. At West Maitland, New South Wales, Nov. 5, 1891, upon peach trees 
infested with aphis, a few specimens only, one i)air in copula. Also at Brisbane 
upon orange and rkus sp., Nov. 12, 1891. At Toowoomba, Nov. 15, 1891, numer- 
ous upon nettle tree and myrtle. Upon these one very fresh and soft specimen 
found, yet no larvae observed. One larva upon aphis on orange at Parramatta.”) 

Harmonia bicolor (Blackburn) 

Cairns, Queensland (Koebele), 2; Geraldon, Johnston River, Queensland (Koe- 
bele, No, 1183), 2. 

(“1183. With the foregoing [1182, Microcaria jcvisoni Crotch] at the same 
place and food [at Geraldon, Q., Aug. 10-15, 1894, upon Hibiscus tree, badly in- 
fested with a Psyllid] , one specimen apparently different, marked 1183. One s|)eci- 
men at Kuranda, Aug. 21, 1894, upon young tree with C. rcpauda”) 

Harmonia 16-notata (Fabricius) 

China (Koebele, No. 1342), 2 females. 

(“1342. Two specimens at Kowloon, Nov. 18, 1895, upon Psidiuin infested 
with Pulvinaria psidiiP) 

Harmonia arcuata (Fabricius) 

China (Koebele, No. 1341), 8; Fiji (Koebele), 8; Australia (Koebele, No. 53 
and 1053), 5; Toowoomba, Queensland (Koebele, No. 53), 2; Cairns, Queensland 
(Koebele), 5. 

(“1053. At Broadwater, Richmond River, New vSouth Wales, Jan. 10, 1892, 
upon a fern growing in swampy ground and infested with Lccanium, larvae, pupae 
and imagoes, in vial No. 53. April 6-15, 1892, at Toowoomba, Queensland, a num- 
ber of specimens feeding upon aphis on young orange trees, variable. At Levuka, 
Fiji, breeding upon Aleyrodes upon taro leaves (Colocasia sp.), Jan. 19, 1892. At 
Cairns, Queensland, beginning of August 1894, on various plants, common near 
sea-shore upon a morning-glory, feeding upon Cicadinae.” 

“1341. First specimen found upon a weed, second upon orange infested with 
Lecanium, Pulvinaria. More here and breeding upon Henierocallis infested with 
Pulvinaria, Dactylopius and Lecanium, Kowloon, November 1895. Many speci- 
mens, Swatow, China, Dec. 11, 1895.”) 
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Harmonia 4-punctata (Pontoppidan) 

One female of this European species without data, belonging to the var. 16- 
punctata (Fabricius). 

MULSANTINA Weise 

Miilsantina was proposed by Weise (1906) as a new name for Clcis Mulsant, 
1850, p. 162 and 208 (ty])e Cleis inirifica Mulsant), not Cleis Mulsant, 1850, p. 130 
and 135 (— Clynis Mulsant), nor Cleis Guerin, 1832. Pscudoclcis Casey, 1908 
(orthotype, Coccinclla picta Randall) is a synonym. 

Mulsantina picta (Randall) 

Wisconsin (Wickham), 2; Placer County, California (Koebele), 2. 

Mulsantina picta minor (Casey) (Plate I, Figs. 3, 4, 5) 

Alameda, California (Koebele, No. 27 and 50), 6, one of these from a larva 
feeding on pine a])hids at Hayward, issuing Dec. 1, 1893; Oregon (Koebele, No. 
25), 2; Easton, Washington (Koebele, No. 26), 4; Mexico (Koebele, No. 501 and 
1647), 18; Morelos, Mexico (Koebele), 1; Guadalupe, D. F., Mexico, Nov. 1907 
(Koel)ele), 1. 

(“501. Dec. 25, 1889, at Alameda upon Finns insignis blown over by wind and 
thickly infested with Lccaninni s])., wliich were yet small, was found very abundant, 
a variable coccinellid. Also collected at Sisson upon i)ine, but at this locality no 
scales were observed, but large a])hids were abundant. No larvae or pupae were 
found at this date, except old pu])ae, which were probably those of Chilocorus 
hhndncnis Muls., which insect was also i)resent in large numbers. 

“July 13, 1893, found upon orange infested with L, olcac and L. hcspcridum, at 
.Hayward, Alameda Co., Calif., not common. 

“V^cry numerous in Oregon, during April-June, 1893, upon fir trees infested 
with a white coccid. Bred on Crataegus infested with Lecaninni s]). and aphids, 
feeding on the latter. 

“Bred from larvae feeding u])on L. olcae at Hayward, vSe^it. 16, 1893. This 
specimen apjiears to differ — ])uncluation of elytra finer. 

“Common at base of Popocate])etl, Mex., in many varieties, upon pine and fir 
trees infested with a])his.“) 

(For notes on one specimen confused under No. 1647, see following species.) 

Mulsantina mirifica (Mulsant) (Plate I, Figs. 6, 7) 

Mexico (Koebele, No. 1647), 6. Also two specimens from the same source in 
the C. S, National Museum. 

(“1647. Eight specimens of peculiar s])ecies, beating, at Oaxaca, Mexico, 
August 18-22, 1897.”) 

Mulsantina mirifica, var. lynx (Mulsant) (Plate I, Fig. 8) 

Mexico (Koebele, No. 1649), 3. Also two more with same data in U. S. 
National Museum. 

(“1649. Four s|)ecimens collected, beating, at Oaxaca, Mex., August 17-22, 
1897.”) 

This variety is a little smaller than M, picta minor (Casey) more broadly oval 
and with appreciably finer and sparser punctures on the elytra. The male genitalia 
of lynx are identical with those of inirifica and T agree with Crotch in making it 
only a variety. 
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Gorham’s Coccinella albopicta is evidently the same as mirifica, as I can not 
detect anything in his description whereby to separate it. On page 168 of the 
“Biologia” Gorham remarks thdt a specimen determined by Crotch as Cleis lynx 
belongs to his albopicta. 

NEOHARMONIA Crotch 

For the type of N eoharmonia Crotch, 1871, Rye (Zool. Rec. 8, p. 329, 1873), 
selected Harmonia viridipennis Mulsant among the twelve described species origin- 
ally included. Agrabia Casey, 1899 (haplotype, Harinonia cyanoptcra Mulsant) 
and N eoharmonia Casey, 1899 for which I hereby select Coccinella venusta Mel- 
sheimer, as type, are synonyms. 

Neoharmonia cyanoptera (Mulsant) 

Douglas County, Arizona, Aug. 1904 (F. H. Snow), 1 female. 

Neoharmonia venusta (Melsheimer) 

Virginia (Beyer), 1 male. 


SOSPITA Mulsant 

Sospita chinensis Mulsant 

Hongkong, China (Koebele, No. 1306), 3; and 115 specimens without data l)ut 
presumably from Hongkong. 

(^‘1306. At Hongkong, China Oct. 29, 1895, upon Finns sinensis, (juite com- 
mon a coccinellid, apparently found previously in Japan. Feeding upon Lachnus.'’) 

MYRRHA Mulsant 

Myrrha 18-guttata (Linnaeus) 

Waldkirch, Baden, Germany (Koebele), 2 females. 

CALVIA Mulsant 

Calvia 10-guttata (Linnaeus) 

Japan (Koebele, No. 1237), 3 females. 

(“1237. Few at Miyanoshita and more at Atami, April 1895, upon various 
trees and not upon any particular food. Some sent to Honolulu. At Yokohama 
in larva state upon alder infested with mildew.”) 

ANISOCALVIA Crotch 
Anisocalvia 14-guttata (Linnaeus) 

Waldkirch, Baden, Germany (Koebele), 2 females; Japan (Koebele, No. 1237), 
1 female. (See Koebele note under preceding species.) 

The following varieties of 14-guttata were recognized in the Koebele collection: 
var. scutulata (Weise) 

Oregon (Koebele, No. 15), 1 female, 
var. 12-maculata (Gebler) 

Oregon (Koebele), 2 males, 
var. vancouveri Casey 
Oregon (Koebele, No. 16), 7, 
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ANATIS Mulsant 

Anatis ocellata (Linnaeus) 

Waldkirch, Baden, Germany (Koebele), 7; Oregon (Koehele), 3. 

The Oregon specimens are quite typical botli in form and markings. The sutur- 
al pubescence at apex of elytra is well developed. 

Anatis ocellata halonis Lewis 

Ja])an (Koebele, No. 1262), 1 male. 

(“1262. One s])ecimen upon oak infested with Lachnus at Gifu, Japan, May 2, 
1895.^') 

Anatis ocellata mali (Say) 

One male without data, but ]:)resumably from the eastern part of the United 
States. 

Alali is quite distinct from 15-piinctata, but 1 believe it is only a race of the 
holarctic ocellata. It has the sutural ]nibescence of ocellata and the male genitalia 
are identical. 

Anatis 15-punctata (Olivier) 

Boston, Massachusetts, July 16, 1896 (Ormonde), 1 male; Providence, Rhode 
Island, May 21, 1898 (Ormonde), 1 male. 

Anatis rathvoni (I.econte) 

Alameda, California (Koebele), 1; Siskiyou County, California (Koebele), 3; 
Placer County, California (Koel)ele), 2; Easton, Washington (Koebele), 1; 
Oregon (Koebele), 1. 

NEOMYSIA Casey 

Contrary to Casey’s o])inion I find that North y\merican s])ecies of Mysia Mul- 
sant are quite congeneric with the European genoty])e, and in fact, so closely related 
that it would be better to consider them races of oblongognttata. As Mysia is a 
])reoccui)ied name, Ncomysia Casey, 1899, will hold, and Paraiiiysia Reitter, 1911, 
falls as a s)’nonym. 

Neomysia oblongoguttata (Linnaeus) (Plate I, Eig. 9) 

Waldkirch, Baden, Germany (Koebele), 3 females: Oregon (Koebele), 1 male. 
The Oregon specimen is certainly not separable from Euroi)ean material of 
oblongoguttata. i have compared the genitalia with those of several European 
males and find them practically identical. N. honiii (Crotch) was described from 
Oregon and the above specimen agrees so closely with the description that the 
conclusion is inescapable that hornii must fall as a synonym of oblongoguttata. 
N. hornii was described as being entirely testaceous red except that the sides of 
thorax are broadly whitish and the mesepimera white. The Koel)ele specimen has 
the elytra streaked with a paler color, just as is commonly seen in many European 
specimens, Init I do not believe that this deviation from the condition found in type 
of hornii is of much importance. 

Neomysia oblongoguttata caseyi new subspecies 

Specimens from California commonly referred to honiii differ somewhat in coloration and 
slightly in the male genitalia. Tlie pronotum lacks a well defined median dark area, but some- 
times there is a nubilous and more or less broken darker M-shaped mark. Typically the prono- 
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turn and elytra are almost uniformly reddish. The elytra, however, may have three reddish 
vittae on a paler ground, of which the two inner ones are broader and unite near apex. 

In the type series from Eldorado County, California, three have a more or less definite M- 
shaped mark on thorax and vittate elytra. Two are similar but have the two inner vittae more 
or le^s expanded and confluent so as to cover almost all of the area of the suture. The other 
live have the elytra nearly uniformly colored, although sometimes a little x>aler on outer mar- 
gin. One of these, which is much paler in color than the others, has a feeble M-sliaped mark 
on the thorax, while the other four (including holotyiie) have hardly any trace of it. 

The median lobe of tlie tegmen (male aedcagus) as seen from above is narrow but dis- 
tinctly less acicular than in ohlongognitaia. It expands slightly from the middle to apical 
third, wdience it tapers gradually to an acute point. In ohlongoguttata it is uniformly narrow. 
As seen from the side this lobe is considerably less deep in caseyi than is ohlongognitaia. 

Described from ten specimens (holotype and paratypes) in the Koebele collec- 
tion from Eldorado County, California. 

Neomysia ohlongoguttata interrupta Casey 

Argus Mountains, Inyo County, California, on Pinus monophylla, May 1891 
(Koebele, No. 17), 3. 

The median lobe of the tegmen in this race is similar to that of caseyi, l)Ut is 
slightly narrower and attains its greatest width at distance of about one-fourth the 
length of lobe frorn apex instead of about one-third. 

This race is widely distributed, occurring in .Southern California, Arizona, New 
Mexico, Colorado, and Utah. In some localities in Arizona, New Mexico, and 
Colorado the inner vitta is more or less completely confluent at a])ex with the median 
vitta. This character used by Casey to separate hornii (not Crotch) from inter- 
riipta is therefore too fluctuating to be of much value. It may even be present in 
the race caseyi above described, but that shows a distinct tendency toward an im- 
maculate condition of the elytra. 

A further peculiarity of this reddish-vittate race not mentioned by Casey is the 
presence of an additional si)ot or streak intercalated between the bases of the median 
and subsutural vittae. This spot in the vittate specimens of caseyi is not very dis- 
tinct and is confluent with the subsutural vitta. 

Specimens from Hood River, Oregon (Hubbard and .Schwarz), and Bear Paw 
Mountains, Montana (Hubbard and Schwarz), are not typical but ])erha])s are 
better referred to interrupta than elsewhere. They have vittate elytra, with the 
intercalated mark. Four out of twelve specimens from Bear Paw Mountains have 
black instead of reddish markings and resemble randalli Casey, but the male geni- 
talia are similar to those of interrupta. In the true randalli from the Lake Superior 
region the genitalia have the median lobe of tegmen of uniform width as in pullata, 
but more slender, yet not so acicular as in ohlongoguttata. 

Neomysia ohlongoguttata subvittata (Mulsant) 

Placer County, California, June (Koebele), 5; Oregon (Koebele), 1; Easton, 
Washington (Koebele), 1. 

This race differs from all the others in the broad form and ventricose elytra. 
It has been commonly identified as subvittata (Mulsant) although redescribed by 
Casey as oregona. 

The elytra have more or less developed black or fuscous vittate markings. The 
dark median area of the pronotum is much narrower than in pullata and varies from 
red-brown to black. In the former case it may lie uniformly colored or margined 
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laterally with ])lack either partially or completely. Sometimes the dark area encloses 
two basal pale spots, thus vaguely indicating an M-shaped mark seen in other races. 
In one specimen the pronotum has two basal black spots, the remainder of the 
median dark area feebly indicated by a slightly darker color than the sides. The 
pale side areas are always much larger than in pullata and show no trace of an 
enclosed dark spot. The dark vittae of the elytra vary greatly, but are usually 
more or less incomplete or broken. The median vitta is sometimes considerably 
broadened and confluent at apex with the outer vitta. The subsutural vitta is always 
short and free. 

In form and markings this is removed about as far as possible from typical 
ohlomjoguttata Init it ap])roaches it most closely of all the North American races 
in the form of the male aedeagus. I have examined the genitalia of three males 
and tliey all differ slightly. In one male from Placer County, California, the median 
lohe of the tcgmen is virtually as in ohUmcjogiiiiaia, being if anything a little luore 
elongate and acicular. In another male from the same locality, the median lobe is 
slightly widened between the middle and apical fourth where it begins to taper to 
the a])ex. In a third specimen, taken from sea-drift, Manzanita, Oregon (S. E. 
Keen) the median lobe is uniformly still wider from base up to a point near the 
ai)ex where it begins to taper (virtually as in pullafa). I am unable to say at pres- 
ent which of these is most representative of the race as a whole. 

Neomysia oblongoguttata pullata (Say) 

New York, 1 female. 

Neomysia gerstackeri (Mulsant) 

Uruapan, Michoacan, Mexico, July, 1906 (Kctebelc), 1 female. 

CYCLONEDA Crotch 

The genus Cycloncda should be restricted to sangiiinca and allies with immacu- 
late elytra. The numerous neotropical species commonly referred here are much 
more closely allied to Ncda than to Cycloncda, 

Over twenty years ago I liad opportunity to assemble living material of all three 
of the North American species of Cycloncda (sangiiinca, inunda and polita) and 
made numerous reciprocal crosses. Only newly emerged or virgin females were 
used in the experiments and whenever they were mated with males of the other two 
species they always remained sterile. There are only slight differences in the male 
genitalia of the three s]iecies, but these differences are apparently constant, and in 
view of the sterility between the species 1 believe that they are perfectly distinct. 

Cycloncda sanguinea (Linnaeus) 

Vera Cruz, Mexico (Koebele, No. 1641), 2; Morelos, Mexico (Koebele, No. 
1641), 8; Orange, California (Koebele), 1. 

('T641. Collected at Orizaba and Oaxaca, Mexico, where one specimen was 
bred from pupa found under pecan nut infested with Lachnus, Cuautla, Morelos, 
Mexico.^') 

Cycloncda munda (Say) 

New York City, New York (Ormonde), 1 ; and 2 without data. 



24 


Cycloneda polita Casey 

Oregon (Koebele, No. 23), 2; Easton, Washington (Koebele), 2; Siskiyou 
County, California (Koebele), 1. 

Cycloneda polita flava new subspecies 

Like typical poZiftt but perhaps averaging a little smaller and more or less testaceous yellow 
instead of brilliant scarlet. It is thus much like the easttu'ii munda but much smaller. The 
markings of the pronotum as in polita and munda, the differences cited by Casey betw(?en the 
two being rather inconstant. 

Length, 3 to 4.25 mm. 

Described from 6 specimens (holotype and paraty])es) from Alameda, Califor- 
nia (Koebele), and 3 specimens (paratypes) from Santa Cruz Mountains, Califor- 
nia (Koebele, No. 22). All except one paratype from Alameda are in the Koebele 
collection. The one exception in collection of Citrus Experiment Station. 

OLLA Casey 

Olla V-nigrum (Mulsant) 

Coccinella ahdominalis Say, 1824 (not Thunberg, 1794). 

Harnionia V -nigrum Mulsant, 1866. 

Cycloneda sayi Crotch, 1871, n.n. for abdoniinalis (Say). 

Other early names, such as binotata (Say) and ocidata (Fab.), that have been 
used sometimes for this species, or its dimorphic form, are ap])arently not applicable. 

Santa Cruz Mountains, California (Koebele), 3; Eldorado, California (Koe- 
bele), 2; Arizona (Koebele, No. 2430), 1; Mexico (Koebele, No. 1652), 1; 
Morelos, Mexico (Koebele, No. 1652), 2; vSonora, Mexico (Koebele, No. 1652), 
10; Honolulu, Oahu (Koebele), 1. 

('‘1652. Three specimens, Cuautla, Morelos, Mexico, August 1897, all mounted. 
Base of Popocatepetl, Mex., May 1897, on pine infested with ai)his, 10,0(X) feet. 
California and Hawaiian islands, where it has been common for some twenty 
years.”) 

Olla V-nigrum, var. plagiata Casey 

Santa Cruz Mountains, California (Koebele), 1 : Los Angeles County, Califor- 
nia, July (Koebele), 2; Tucson, Arizona (Kiinze iC Wickham), 2; Sonora, Mexico 
(Koebele, No. 1681), 1. 

(“1681. Two specimens feeding on Alcyrodcs, Hermosillo, Sonora, Mex., 
April 1897.”) 

PARANEDA NEW GENUS 

This genus is proposed for some of the neotropical species hitherto referred to 
Cycloneda, especially pallidiila (Mulsant). The type is P. znridcsccns n. sp. de- 
scribed below. 

Frons less than twice as wide as diameter of eyes, with the inner orbits conveigent al>ove. 
(Wider in Olla and Cycloneda, with inner orbits parallel.) Eyes rather coarsely facetted. 
Antennae strongly clavate, the club large, not elongate, with the last joint slightly longer than 
wide and obliquely truncate. Prosternal i^rocess bicarinate. Mesosternum moderately emargi- 
nate medially in front. Epipleura rather less than twice as wide as s})ace between middle 
coxae, which are rather broadly separated. Ej)ipleura slightly subfoveate to receive apex of 
hind femora. Metacoxal line curving outward just in front of the liind margin of the segment, 
the oblique line absent. Elytral punctures very fine. Form orbicular, very convex. Elytra 
unicolorous. Pronotum pale at the sides and darker medially, the two shades separated by a 
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more or Jess distinct black line which curves outward to the basal angles and then sometimes 
extends forward along the side margins for a short distance. 

Cycloneda rubida"^ and Parancda paJlidtila have been confused more or less and 
were considered by Gorham to Ije varieties of one species, but they are quite dis- 
tinct, although it is rather difficult to discriminate them in every case. Rubida 
differs from pallidula in having the frons very narrow, no wider than diameter of 
the eyes, the latter a little more coarsely facetted ; claws small, much shorter than 
in pallidula, or hardly longer than the l)asal quadrate tooth; mesosternum rather less 
emarginate in front medially ; and the male genitalia decidedly different. Rubida 
is also more orbicular than pallidida. The color is deep red, varying at least after 
death to flavous. The darker color at the middle of the pronotum is not so broad 
as in pallidida, the line of demarkation more curvilinear, curving outward in front 
slightly as well as behind, hut hardly reaching to the posterior angles and never 
continued forward as a dark line on the exterior margins. Of rubida I have seen 
the following material in the U. S. National Museum : 2 from Bugaba, Panama 
(Champion) ; 2 from Cayuga. Guatemala (Win. Schaus) ; and 2 from Cacao Aguas, 
Alta Vera Paz, Guatemala (Schwarz and Barber). 

Pallidula was described from Cayenne and Brazil, and guiticollis (Mulsant) 
from South America without a more definite locality. Gutticollis has the darker 
median area of the jironotum bordered with black. Pallidula as defined by Mulsant 
differs in lacking the black border, but it is likely that this is not a constant character 
and at any rate Crotch and other authors have recognized only one species. Crotch 
says that pallidula ‘Varies a good deal in appearance, lieing in life a bright green, 
which pales to a dirty yellow.’’ The Mulsantian descriptions, however, do not give 
much suggestion of a green color in life. It seems likely that Crotch as well as 
Gorham have confused two or more sjiecies under pallidula. Unfortunately I have 
not been able to see any South American material, but T am able to distinguish two 
sjiecies in material from Central America and Mexico. One of these is described 
below as viridcsccns. The other is more likely the true pallidida. It is represented 
l)y one male collected at Cacao Trece Aguas, Alta Vera Paz, Guatemala (Schwarz 
and Barber). It has the middle of the pronotum and the elytra flavous (without 
any hint that a green color may have existed in life) and the elytra are not blackened 
along the sutural margin. The genitalia of the Guatemala specimen differs very 
decidedly from that of zdridcsccns. The aedeagus as a whole is much more elon- 
gate. Si])ho not twisted at apex, the filament beyond the dorsal flaps much pro- 
longed, nearly as long as the part on basal side of flaps, very slender and becoming 
exceedingly attenuate at apex. Paramera slender. Median lobe of tegmen about 
four times as long as wide, with sub])arallel sides, dej^ressed, but with a slight tecti- 
form swelling on dorsal surface at basal third, the apex deeply emarginate, with 
tooth on each side of the emargination acutely triangular and twice as long as wide 
at base. 

Paraneda viridescens n. sp. (Plate I, Fig. 10) 

Elytra light green, fading after death more or less to a pale testaceous color, or to vari- 
ous pale shades of yellowish, brownish or flavous. Sutural margin of elytra very narrowly 
blackened. Middle of pronotum dull brownish or reddish, the sides with a broadly oval pale 
yellowish or creamy area. Border of the darker area marked more or less distinctly wuth a 

•In the Appendix this species is referred to a new genus (Enjthroneda), 
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black line, which is curvilinear behind and meets the basal angle where it turns forward and 
follows the outer margin for a short distance. Anteriorly the black line becomes straighter 
and fails to attain the anterior margin by a brief interval. The head, under surface of body 
and the legs, more or less reddisli brown, but the epipleura of prothorax and of elytra much 
paler and the mes- and metepimera are whitish. Length about 6.9 to 7 mm., width about 4.9 
to 5.5 mm. 

Aedeagus in viridescens much less elongate than in pallidula. Sipho not slender, not pro- 
duced into a filament beyond the rather elongate membranous flap and strongly twisted near 
apex. Paramera distinctly widened toward the apex. Median lobe of tegmen about three 
times as long as wide, with parallel sides and a high tectiform ridge on the basal two-fifths of 
dorsal surface. Basal part of this lobe very thick dorso-ventrally which is not the case in 
pallidula. Apex of lobe with a broad rounded emargination, the tooth on each side of emargi- 
nation obtuse and hardly longer than wide at its base. 

Described from the following material: 6 specimens (holotype and paratypes), 
Eldorado, Sinaloa (S. E. Flanders), two paratypes in U. S. National Museum, the 
others including holotype, in collection of Citrus Experiment Station ; Mazatlan, 
Sinaloa (Koebele), 1 paratype in U. S. National Museum; Colima, Colima (Con- 
radt), 1 paratype in U. S. National Museum; Oaxaca (Koebele), 2 paratypes, one 
in Koebele collection, one in U. S. National Museum. These localities are all in 
Mexico. 

The following material in the U. S. National Museum is probably referable to 
viridescens but the series I believe includes no males, so that the allocation is some- 
what doubtful: 5 from Santiago de Maria, Salvador, on coffee (K. A. Salman) ; 
2 from Tucurrique, Costa Rica (wSchild & Burgdof) ; and 2 from San Jose, Costa 
Rica (J. Fid Tristan). 

NEDA Mulsant 

Neda marginalis Mulsant 

Mexico (Koebele, No. 1570), 3; Morelos, Mexico (Koebele, No. 1570), 8. 

(“1570. Found at Cuautla, State of Morelos, and preying upon a chrysomelid 
larva infesting a tropical deciduous tree, Datura. Specimens mounted and others 
sent to Washington to be tried upon North American chrysomelid larvae. Larvae 
of many sizes were found, yet no eggs. Collected July 1-3, 1897. A month pre- 
vious those trees had no leaves. 

“At Oaxaca, Aug. 17-22, pupae found quite numerous under Brazil and walnut 
trees (pecan-Castillian) infested with Lachnns sp., also larva observed amongst 
lice. A small dipterous larva issuing, numerous, from pupae. Issued end of Sep- 
tember, a Phoraf') 

EGLEIS Mulsant 

The Australian species here associated are plainly congeneric, but should prob- 
ably be segregated from Egleis proper, which is South American. I have not seen 
any of the American species of the genus and consequently I am not able to point 
out any distinguishing characters for the Australian group. 

Egleis kingi (Macleay) (Plate I, Fig. 11) 

Australia (Koebele), 2. 

Egleis delta Weise (Plate I, Fig. 12) 

Australia (Koebele, No. 57), 1; Brisbane, Queensland (Koebele), 1; Cairns, 
Queensland (Koebele), 1. 
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('‘1057. One specimen collected on road from Lismon to Brunswick, New 
South Wales, upon orange tree, on aphis.”) 

Egleis edwardsii MuLsant (Plate I, Fig. 13) 

Australia (Koebele, No. 31), 2; Brisbane, Queensland (Koebele), 1. 

Pascoei Crotch is a synonym of edwardsii. 

("1031. Three specimens, one of them newly hatched, upon orange at Parra- 
matta, New South Wales, Nov. 23, 1891, no doubt feeding upon aphis. One speci- 
men at same place, Dec. 25, 1891. Another at same place Sept. 27, 1894.”) 

Egleis barronensis (Blackburn) (Plate I, Fig. 14) 

Australia (Koebele, No. 1161), 28; Cairns, Queensland (Koebele, No. 1161), 

11 . 

("1161. Quite numerous upon orange and lemon trees at Kuranda, Queens- 
land, and feeding on orange ajdiis. Also at Kamerunga and Geraldon, Johnston 
River.”) 

ARCHAIONEDA Crotch 

Archaioneda tricolor fijiensis Crotch 
Fiji (Koebele), 12. 

I have not been aide to check the identity of this with typical tricolor (Fabri- 
cius). 

CLEOBORA Mulsant 

Cleobora mellyi Mulsant 

Victoria (Koebele), 1 ; also one without data. 

VERANIA Mulsant 

Verania flavovittata Crotch (Plate I, Fig. 15) 

Bundaberg, Queensland (Koebele and Perkins), 8. 

In this species there are two broad black vittae on the disk of each elytron, unit- 
ing at the callus, the inner one oblique, joining or nearly touching the sutural vitta 
appreciably behind the middle. The other, usually but not always, wider than the 
inner one, extending straight back parallel with the margin and ending at the apical 
sixth, where it is rarely joined to the sutural vitta by an expansion of the latter. 

I have seen it labeled incorrectly as ''furcifcra Guerin” in some collections. 

Verania frenata (Erichson) 

Australia (Koel)ele, No. 4 and 490), 6; Bundaberg, Queensland (Koebele, and 
Koebele & Perkins), 12; also 10 without data. 

("490. Coccinellid on aphid resembling Kcrmcs on pine, Kcrniaphis pini Koch. 
“Found this insect abundant at Toowooml)a, Queensland, Jan. 1, 1889, upon 
Acacia infested by a coccid resembling that infesting pine trees in Australia and 
New Zealand. No larvae were observed.”) 

Verania lineola (Fabricius) 

Australia (Koebele, No. 54), 1 ; Sydney, New South Wales (Koebele, No. 54), 
1; Brisbane, Queensland (Koebele), 1; Bundaberg, Queensland (Koebele), 1; 
Cairns, Queensland (Koebele), 6; Fiji (Koebele), 5. 

(‘T054. Common everywhere from Clarence to Tweed River and very abundant 
at the latter place, in all stages, breeding upon aphis on maize. One of the larvae 
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liad killed a nearly grown larva of Heliothis armigera while coming out of a corn 

cob. 

“New Caledonia; Fiji. Parramatta, one. Brisbane. Sent to Honolulu. 
“Everywhere around Cairns, Queensland, July 1904. Bred Centistes americana 
and parasite on larva as well. Found quite numerous at Hambleton and Mulgrave, 
Cairns, Queensland, July to September, 1904, on sugar cane. Badly parasitized in 
larva state by chalcid. Specimens sent to Honolulu. Also Bundaberg, Queensland, 
September to November 1904, also badly parasitized. Found on various plants and 
trees, not numerous. Always a few obtained for Honolulu.’') 

Verania discolor (Fabricius) 

China (Koebele, No. 1330), 2; also 36 specimens without more definite data 
than the number; Hongkong, China (Koebele, No. 1330), 4; Anuradhapura, Ceylon 
(Horn?), 1. 

(“1330. Two specimens at Kowloon, Hongkong, Nov. 3, 1895, one on Psidiuin 
infested with aphids, second on Ccltis, also on aphids. Numerous on Psidmni, etc. 
infested with Pulvinaria psidii. 

“Swatow, China, Dec. 11, 1895, hibernating in large numbers in screw palms, 
etc., a few specimens upon Brassica nigra (mustard) infested with aphids.”) 

MICRASPIS Chevrolat 

Micraspis striata (Fabricius) 

Camerun, 1. 

Mkraspis cardoni (Weise) 

Ceylon (Koebele, No. 1213), 2. 

Weise placed this in Verania, but the orbicular form and broad e])ipleura agree 
much better with Micraspis (Alesia authors). 

(“1213. One specimen at Kandy, Jan. 4, 1895, upon jack fruit tree ( ?), where 
larva was observed. Nenra Eliya.”) 

PROPYLEA Ml JLSANT 
Propylea 14-punctata (Linnaeus) 

Yvours, France, Aug. 1900 (Koebele), 1; Waldkirch, Baden, Germany (Koe- 
bele), 8. 

Propylea 14-punctata japonica (Thunberg) 

Japan (Koebele, No. 1236), 13; China (Koebele, No. 1339), 2. 

The two from China and two from Japan belong to the var. dionea (Mulsant) ; 
five from Japan to the var. tessellata (Weise) and the remainder to the var. ancora 
(Weise). 

(“1236. Miyanoshita and Atami upon various plants, not yet found upon any 
particular food aphid. Sent to Honolulu.” 

“1339. One specimen only upon Palinrus rarnosissimiis Poir, Kowloon, No- 
vember 1895. One specimen on screw palm, Swatow, Nov. 12, 1895.”) 

PROTOCARIA NEW GENUS 

Allied to Propylea M^ulsant and similar in size, form and appearance. Epipleura of elytra 
distinctly more descending externally. Legs shorter, the hind pair reaching to middle of 
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epipleura (almost to outer edge in Propylea). Femora broader, the claws smaller, with a 
smaller rounded basal tooth. Anterior edge of mesosternum weakly emarginate in middle 
(rather deeply emarginate in Propylea). Metasternal lobe between middle coxae narrowed to 
a more or less obtuse point (broadly truncate in Propylea). Coxal plate of first ventrite with 
a distinct oblique line (the line faint or absent in Propylea) . Antennae considerably shorter, 
joints 3 to 6 being at most hardly more than twice as long as thick, 7 and 8 hardly longer 
than wide, the eighth strongly widened toward apex and rather distinctly forming a part of 
the club, joints 9 and 10 broader than long, and the last joint about as long as wide and 
obliquely truncate. (Tn Propylea antennal joints 3 to 6 almost three times as long as thick, 
7 and 8 about twice as long as thick, 9 and 10 distinctly longer than wide, and the last joint 
about twice as long as wide and rounded at apex.) Median process of prosternum with two 
parallel carinae, lying close together and reaching about three-fourths of the distance to ante- 
rior margin of segment. Prothoracic foveae practically as in Propylea. 

Median lobe of tegmen depressed, nearly three times as long as wide, the lateral margins 
parallel at base, converging, h(>wever, in ajncal third, but the apex broadly truncate and 
strongly curved uj^ward. Width of the ai)ical truncation of this lobe about one-third of the 
greatest width of lobe. Dorsal surface of lobe well rounded from side to side on the basal half. 
Paramera rather short and stout, almost straight, well separated from each other at base, and 
slightly thickened at apex. They reach nearly to the apex of the median lobe and are cirratc 
on inner margin nearly to the base and on outer margin nearly to the middle. Sipho short, 
moderately slendcir, abruptly narrowed in the apical eighth and having the extreme apex 
abruptly bent downward in a right angle, with a minute membranous expansion. 

Genotype : Profocaria scalaris n. sp. 

Protocaria scalaris n, sp. (Plate I, Fig. 16) 

Testaceous yellow, the vertex, large mark on pronotum, elytra excejH ])ale marking, and 
under parts black, but epipleura of elytra and of prothorax, the niese])isternum and legs, ex- 
cepting middle and hind coxae, pale. The prothoracic mark variable. Tn one female paratype 
the pronotum is largely black, with the lateral margins, broadly in front, narrowly in rear, 
pale. The black area in this specimen reaches the anterior margin and is slightly notched in 
the middle anteriorly. In the other types the black area is less extensive and does not quite 
attain the anterior margin and is more or less bilobed mcso-anteriorly. These anterior lobes 
either almost squarely truncate or obliquely rounded, depending on whether the median pale 
notch is deep and narrow, or short and spreading. Outer margin of tlu; black lobes meeting 
the basal Ijlack area more or less squarely. The pale side margins very narrow behind, and 
more or less abruptly and greatly widened in front. Elytra with lateral margin broadly and 
three more or less oval or round sjmts on the disk, ytdlovv, producing a scalariform design. 
Anterior .s]»ot touching basal margin, smaller and more triangular than the other two, rather 
more closely approaching the suture than the humerus. Second spot largest, before the middle 
(its hind margins at or slightly before the middle), and usually more or less oblique. Posterior 
spot placed half way between middle and apex and in Japanesjti paratypes more rounded than 
the others. These spots vary considerably in size. In the type and allotype (Formosa) they 
are large, or wider than the black intervals between them, and both the middle and posterior 
spots are oval and oblique. The yellow lateral margin undulate within, widest at the base and 
at the middle. The widening at the middle forms a deep broadly rounded indentation in the 
black area opposite the interval between middle and posterior spots. In one paratype (Japan) 
the black area extends into the yellow lateral margin in two definite broad lobes, almost directly 
opposite the middle and posterior discal spots, and almost dividing the yellow border into three 
spots. Frons and pronotum very finely and closely punctured, elytra much more distinctly and 
more sparsely punctured. Length, about 3 to 4 mm. 

The Japanese specimens have elytral puncturation usually slightly stronger, the 
three discal spots smaller, with the posterior one more rounded and less oblique 
than in the Formosan type. 

Formosa (Koebele, No. 1238), 1 1 $ (holotype $ and allotype); Japan 

(Koebele, No. 1238), 2 $ (paratypes); and Gifu, Japan (Y. Nawa), 1 1 ? 
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(paratypes). Allotype and one paratype (Japan) in Koebele collection, the re- 
mainder in the U. S. National Museum. 

(“1238. Two specimens only, Atami, Japan, April 1895. Three specimens at 
Tamsui, Formosa, December 1895/') 

CARIA Mulsant 

Caria dilatata (Fabricius) 

China (Koebele, No. 1333), 1 female; Hongkong, China (Koebele, No. 1333), 

3 females. 

(“1333. First found with Synonycha grandis upon Bambusa infested with 
Orcgma hambusae Buckton, at Hongkong, China. Again at Kowloon, Hongkong, 
Nov. 3, 1895, upon Celtis infested with a whitish cottony covered aphid. Also upon 
Stillingia sebifera infested with aphids and leafhopper. Nov. 6, 1895, again one 
specimen with Synonycha grandis upon aphis on bamboo.”) 

CYPHOCARIA Crotch 

Cyphocaria duvaucelii (Mulsant) 

China (George Compere), 1 female. 

ARTEMIS Mulsant 

Artemis circumusta Mulsant (Plate H, Fig. 17) 

China (Koebele, No. 1338), 1 female, belonging to the var. mandarina Mulsant. 
(“1338. One specimen only, upon mulberry badly infested with a small Psylla, 
causing the leaves to curl up. Feb. 22-Mar. 6, 1900, several specimens found at 
above place, Kowloon, sent to Mr. Craw and liberated (2) at Honolulu.") 

LEMNIA Mulsant 
Lemnia biplagiata (Schonherr) 

China (Koebele, No. 1317), 2 females; Hongkong, China (Koebele, No. 1317), 

4 males, 1 female. 

(“1317. On pine infested with Lachnus, Hongkong, Macao, no doubt feeding 
upon the plant lice. More numerous upon trees infested with Lccanium and Pulvin- 
aria at Kowloon, Nov. 8, 1895. At Kowloon, many more upon Celtis and trees 
around same. On orange and Psidium infested with Lecanium and Pulvinaria. 
Common at Kowloon, Nov. 18, 1895.") 

Lemnia biplagiata personata (Weise) 

Formosa (Koebele, No. 1345), 1 male. 

(“1345. Common upon aphis on rose, Lachnus on pine, on tea plants, etc. 
many specimens. Tamsui, Formosa, Dec. 6, 1895, chiefly on rose aphis.") 

Lemnia saucia calypso (Mulsant) 

China (Koebele, No. 1346), 4 males. 

(“1346. Resembling the foregoing [1345] but always with the red spot much 
smaller. Common at Swatow, hibernating on various trees and shrubs, Dec. 11, 
1895. Honolulu, March 4, 1896, many specimens on aphis on orange at Mr. 
Jordan^s.") 
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COELOPHORA Mulsant 

The type of Coelophora is inaequalis Fabridus, as designated by Crotch in 1874. 
Before proceding with the enumeration of the species of Coelophora contained in 
the Koebele collection it is well to call attention to the numerous forms that have 
been assigned by various authors to inaequalis and the difficulties involved in deter- 
mining the proper use of the names proposed by Fabricius and Thunberg. 

According to the nomenclature used by most modern authors inaequalis includes 
a complex of forms ranging from the Australian continent on the south, northward 
through the Malayan Archipelago to the Philippines. Crotch records inaequalis 
from Japan but I have not seen it or anything similar either from Japan or the 
coast of China. As the distribution is mainly insular it is prol)al)le that any struc- 
tural difference that may exist would not prove to be exactly or completely inter- 
gradant from one island group to the next. 

On comparing the male genitalia of the Australian and Philippine forms as- 
signed by authors to inaequalis one will find a notable difference. Moreover the 
genitalia of allied forms from Java, Borneo, and other islands differ from the Aus- 
tralian or Philippine forms although closer to the latter. The material that I have 
been able to study is too inadequate to elucidate the problems, exce])t partially, but 
I venture the opinion that the Australian and Philippine forms should be segregated 
at least as subspecies. The application of the names proposed by early authors, 
however, remains to be settled. The habitat of species described by Fabricius and 
Thunberg is apt to be vaguely indicated at the best, and the ])roper application of 
names on the basis of distribution may be doubtful. I believe, however, that the 
name inaequalis is applicable to the Australian species and that no name is available 
for the Philippine form. 

A word is necessary about the color phases of inaequalis and allied species. In 
1922 ( Proc. Haw. Bhit. Soc. 5, pp. 121--133) I showed that the Australian inaequalis 
has three phases, one of which, a nearly all black form, is a Mendelian recessive to 
the other two. This black form is the Coelophora mastersi of Blackburn. The 
other variant is a form showing nine small black s])Ots or dots on the elytra. This 
is the C. 9-niaculata (Fabricius). I have not seen any color phases corresponding 
to these from the Philippines, but in the Malayan Archi])elago there seems to be a 
multiplicity of forms. 

Coelophora inaequalis (Fabricius) 

Australia (Koebele, No. 17 and 1017), 3; Sydney, New South Wales (Koe- 
bele), 1 ; Brisbane, Queensland (Koebele), 1 ; Kuranda, Queensland (Koebele), 1 ; 
Bundaberg, Queensland (Koebele), 8, one marked Oct. 1904; Cairns, Queensland 
(Koebele), 6; Hawaii (Koebele, No, 1017), 2. 

('T017. Three specimens found ui)on lemon trees at Parramatta, New South 
Wales, Oct. 28-30, 1892, probably feeding upon aphis in larval state. Feb. 1, 1893. 
Found everywhere in places visited up to date and always uj^on Aphidae. At Too- 
woomba, on woolly aphis (?), very numerous. At Clarence River upon aphis on 
orange. Parasite on larva bred, Johnston River, etc. Also New Caledonia and 
Fiji. 

‘‘Common all over and around Honolulu, March 4, 1896. Bred parasites. May 
6, 1896, Honolulu. Mr. Wait informs me that this parasite has been observed long 
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on the Islands upon C, abdominalis and is very numerous on that species in North 
Kona, Hawaii. Has spread on all the islands up to the highest mountains within 
two years, 1894-1896. 

“July 23, 1896, at Kilauea, Kauai, millions on aphis infesting sugar cane, which 
they cleaned out in three weeks or so. 

“Aug. 3, 1896. Mr. John Kidwell, Manoa Valley, reports that owing to this 
beetle, the disease so prevalent on the taro had entirely disappeared, although the 
aphids were still present. 

“September-Octoher, 1896. Found badly i)arasitized on every Island visited and 
especially so at Kona and Lahaina.’') 

Coelophora inaequalis, var. 9-maculata (Fabricius) 

Australia (Koebele, No. 1158), 3; Toowoomba, Queensland (Koebele, No. 95), 
1 ; Bundaberg, Queensland (Koebele), 1 ; Cairns, Queensland (Koebele, No. 1158), 
18. 

(“1095. One specimen only at Toowoomba upon orange, April 9, 1892. At 
Bundaberg, Queensland, June 1904, on sugar cane, likely upon aphis. Also again 
at Kuranda, various plants, Hambleton, Mulgrave, Cairns, Queensland, upon sugar 
cane. July, September, 1904, a considerable number sent to Honolulu. September 
to October, 1904, at Bundaberg, rare on sugar cane and various trees, while beat- 
ing, and few obtained to send to Honolulu. “ 

“1158. wSeveral specimens on various trees and shrubs at Kuranda, Queensland, 
July 1894. Had been observed feeding upon orange aphis on a citron tree. 

“Aug, 6, 1894. Found male in copula with female No. 1160, on orange infested 
with aphids. Also noticed them copulating with Coccinclla 7'cpaiula [as Coelophora 
inaequalis was called by Koebele], and vice-versa. 

“Three specimens mounted of typical form, formerly under C. repanda, collected 
at Sydney, New South Wales, January 1905.'') 

Coelophora inaequalis, var. mastersi Blackburn 

Cairns, Queensland (Koebele, No. 1160), 5. 

(“1160. One specimen on orange at Kameranga, Queensland, a])parently feed- 
ing upon aphids. Aug. 6, 1894, found female in copula with male No. 1158, upon 
orange tree.") 

Coelophora inaequalis comperei new subspecies 

Similar to typical inaequalis from Australia and commonly referred to it, but differing in 
details of coloration, sculpture and male genitalia. 

Form as in inaequalis^ but the insect, somehow, gives the impression of being more com- 
pact, with a thicker, or heavier, integument. Frothorax and elytra less shining, as finely punc- 
tured as in inaequalis, but having fine pellucid dots at the base and along outer margin of 
elytra and others in a line running back from the outer side of the callus. These dots resemble 
coarse punctures and are hardly indicated in inaeqmlis. Ground color a dull fiavous or reddish 
as in inaequalis, including that of head, underparts and legs. (In inaequalis the femora, coxae 
and greater part of sternum and venter are black.) Base of pronotum black, the black area 
much wider in middle, reaching from base to apical fourth, and deeply and generally broadly 
emarginate in median line almost to the base. On each side the black area is comparatively 
narrow, either uniformly or with a dilation laterad. Markings of elytra as in inaequalis except 
that the outer margin is not blackened and the subapical spot and outer submedian spot do not 
reach the outer margin. Suture with a black vitta as in inaequalis, slightly dilated between 
the middle and scutellum and rhombically dilated behind. Basal spot with its outer margin 
resting on the callus, rounded or oval, with a broad stalk extending backward between the 
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submedian spots and thereby sometimes more or less joined to either one or both of these spots. 
Subapical spot less irregular in shape than in inaequalis and having the shape of a solid B, 
with the two lobes more or less well indicated and equal. (In inaequalis the inner lobe of the 
B is much larger than the outer lobe.) Length, 4.5 to 5.4 mm., width, 3.7 to 4.7 mm. 

Male genitalia similar to those of inaequalis but differing as follows; Median lobe of teg- 
men distinctly broader, about four times longer than wide. (In inaequalis about five times 
longer tlian wide.) Apical half of ventral surface with a median keel or Carina, on each side 
of which tlic surface is slightly concave. This apical bilaterally concave ar(‘a bounded basad 
on each side by a carina curving off from the siphonal orifice to the lateral margin of the lobe. 
(In inaequalis these carinae turn backward and merge with the median carina near the begin- 
ning of the ai)ical fifth of the lobe.) Tubercle bordering apex of siphonal orifice on ventral 
surface of lobe weakly developed and not distinctly x>rotruding as seen in some allied forms. 
(In inaequalis this tubercle apj^ears triangular in direct view and moderately projecting in 
j)rofile.) Siplio i)ractically as in inaequalis, with two marginal scallops on each side just be- 
yond the middle, and the apical jjart abruptly bent a little after the beginning of the last 
fourth, beyond which it taj)ers rapidly to a tenuous x)oint. Ventral surface of sipho not or 
hardly bulging oi)posite the scalloped margin as in some forms of the inaequalis group. 

Described from 8 specimens (holotype ($ and paratypes) collected at Los Banos, 
Luzon, Philippine Islands, July 1916 (F. X. Williams), and 2 specimens (para- 
types) from Manila (Geo. Coni])ere) in the Koebele collection. 

Types in collection of the Hawaiian Sugar Planters’ Experiment Station. 

Coelophora veranioides Blackburn 

Windsor, New South Wales (Lea), 3; Mt. Victoria, Sydney, New South Wales 
• (Koebele), 1 ; Harwood island, New South Wales (Koebele, No. 97 and 97A), 3; 
Toowoomba, Queensland (Koebele, No. 97), 1 ; Bundaberg, Queensland (Koe- 
bele). 4. 

GT097. Two specimens saved; one Harwood, Clarence River, New South 
Wales, Jan. 1, 1892, another at Toowooml)a, Queensland, on orange.”) 

MICROCARIA Crotch 

Probably Anisolcmnia Crotch, 1874, is a synonym of Microcaria Crotch, 1871. 
I have not been able to see the type species [A. coinpJicata Crotch) of Anisolcmnia 
but I have examined A. ceramcnsis Crotch and believe that it is congeneric with 
M. inulsantl (Montrouzier) . Coelophora jansonl Crotch is also congeneric. Rye 
in 1873 (Zool. Rec. 8, p. 329) selected niulsanti as the type of Microcaria. 

Microcaria mulsanti (Montrouzier) 

New Caledonia (Koebele, No. 2416), 4. 

Microcaria jansoni (Crotch) 

Cairns, Queensland (Koebele), 3; Geraldon, Johnston River, Queensland (Koe- 
bele, No. 1182), 4. 

(‘T182. At Geraldon, Queensland, Aug. 10-15, 1894, upon hibiscus tree, badly 
infested with a psyllid, five specimens of a coccinellid feeding upon those insects.”) 

BOTHROCALVIA Crotch 

Coelophora pupillata (Schonherr) falls in Bothrocalvia and it is almost identical 
in the male genitalia with B. albolineata (Schonherr). 

Bothrocalvia albolineata (Schonherr) 

China (Koebele, No. 1307), 54; Hongkong, China (Koebele, No. 1307), 9; 
Formosa (Koebele, No. 1307), 3. 
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(“1307. Common upon Pinus sinensis at Hongkong, China, Oct. 19, 1895. As 
yet I have no idea upon what this may live. 

“Pines infested with Lachnus, Macao, Oct. 23, 1895. Bred from larva feeding 
upon Lachnus. Always on Lachnus on pine. 

“At Tamsui, Formosa, upon Pinus sinensis infested with Lachnus, all stages.”) 

Bothrocalvia pupillata (Schonherr) 

China (Koebele, No. 1318), 2; Hongkong, China (Koebele, No. 1318), 7. 

(“1318. One specimen near Hongkong upon Camellia, which appeared to be 
clean, Oct. 26, 1895. Many at Kowloon upon Stillingia sehifcra, Ccltis sinensis, 
Psidium sp., etc., Nov, 8, 1895. About 1,000 specimens collected on Celtis and trees 
adjoining these. Larvae still present, pupa found on bark of branch. 

“March 4, 1896, two specimens upon orange infested with aphis, Honolulu. 
Aug. 12, 1896, one specimen in nursery upon cashew, Anacardium occidcntale. 
Again at same place, Nov. 10, 1896.”) 

Bothrocalvia pupillata, var. annectans new var. (Plate II, Fig. 18) 

Agreeing with typical pupillata except as follows: The two subsutural black spots on each 
elytron instead of being separately ocellated with a pale ring are enclosed within two pale vittae 
joined at their ends, The black spots are placed at the ends of this enclosure. The three 
submarginal spots on each elytron are separately ocellated as in pupillata but the ])al(' rings 
are joined together by a pale vitta. This vitta runs tangent to inner margin of the ocellation 
of the middle spot, and hits the inner posterior edge of the subhuraeral ocellation and the outer 
anterior edge of the subapical ocellation. These markings, therefore, are an almost exact com- 
bination of the black spots of pupillata and the vittate markings of alholmeata. The male 
genitalia of annectans are exactly as in pupillata and differ hardly at all from those of alho- 
Uneata except in iiaving the paramera distinctly more slender and mucli more arched dorso- 
ventrally in the basal half. 

Described from 4 specimens (holotype and paratypes) from China (Koebele, 
No. 1318). According to Koebele’s field notes, the type locality is Hongkong and 
vicinity. 

PHRYNOCARIA new genus 

Having the characters of Coelophora Mulsant in general, but distinguished as follows: 
Frons comparatively narrow, at its narrowest part about, or even less than, one-third the total 
width of head, with the inner orbits of eyes strongly diverging anteriorly. The greater width 
of frons in Coelophora seems to be partly in consequence of the smaller size of the eyes and 
partly in consequence of the larger size of the whole head. The postantennal canthus of 
Phrynocaria is narrow and rather deej>; in Coelophora it is much broader exteriorly and the 
emargi nation of the eye therefore appears to be shallower. 

Median lobe of tegmen short and broad, not greatly longer than broad, strongly depressed 
above and beneath, strongly arcuate on the sides and roundish at apex, with a minute median 
nipple-like projection. Paramera well separated at their bases, slender, gently curved and 
somewhat surpassing apex of the median lobe. Sipho rather short, moderately slender, taper- 
ing to a fine point at apex, but not tenuous and not expanded between the middle and begin- 
ning of the apical third. It is also more chitinized, with much less evident separation of the 
component strands than in allied Coelophorine genera, and is armed near beginning of the 
apical third, or between that point and the middle, with a laminate projecting lobe on each side 
from the ventral wall. These lobes form more or less evident retrorse hooks, especially well 
chitinized and conspicuous in congener. 

Genotype : Coccinella congener Schonherr. 

Phrynocaria congener (Schonherr) 

China (Koebele, No. 1327), 13; Hongkong, China (Koebele, No. 1327), 2. 
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(“1327. Four specimens, Hongkong, China, Oct. 29, 1895 ; one male with sides 
of thorax white, on pine ; the others on Psidium infested with Lccanimn and Pulvi- 
naria.'') 

Phrynocaria congener, var. approximans (Crotch) 

China (Koebele, No. 1331), 17. 

I have thrown these together as forms of one species on account of the identical 
structure, including that of the genitalia. The median lobe of the tegmen in this 
species is shorter and broader than in gratiosa and the sipho has much better devel- 
oped retrorse hooks which are situated at the beginning of the apical third. 

(“1331. Resembling 1318, yet smaller, sides of thorax white and but four black 
spots on elytra. Five specimens, Kowloon, Hongkong, Nov. 3, 1895, with 1318 
upon Celtis chiefly infested with an aphid. Nov. 8, 1895, several more upon Ccltis 
and pine at Kowloon. Food not yet observed. On orange infested with Lccanium 
and Pulvinaria, Kowloon, Nov. 18, 1895.'') 

Phrynocaria gratiosa (Mulsant) 

In this species the median lobe of the tegmen is about or nearly twice as long as 
wide, and the hooks of the sipho are small and membranous and situated al)out half- 
way between the middle and the beginning of the last third. 

In 1894 Mr. Blackburn (Trans. Roy. Soc. Aust. 18, p. 338-339) reported on a 
series of specimens of this species sent to him by Mr. Koebele and remarked that, 
if he was right in associating the remarkable .series of variations, the .species was 
one of the most varialde of the Coccinellidae. He then descril)es, without naming 
them, some nine variations, including the typical form. It seems desirable to have 
names for the major tyj)es of variation and I consequently name those found in the 
Koe])ele collection. This is the more important as some of them look like distinct 
species, and may actually l)e distinct, although on account of the identical genitalia 
I am persuaded to ]:)lace them together here as varieties. As Mr. Koebele had in- 
cluded all these variations under his No. 1139, he had evidently reached the same 
conclusion l)y field observations. 

(“1139. Numerous at Brisbane upon various trees in larva, pupa and imago 
state, feeding u])on Lccaniuin depression, A very variable species. Many mounted, 
others sent to Honolulu. Many l)red from light colored pupae. A few specimens 
at Toowoomba, April 28-30, 1897, upon orange, no doubt feeding ui)on Lc cannon. 
Common near Bundaberg, Queensland, during early spring near sea-shore, but not 
l)reeding, September and October, 1904.") 

Typical gratiosa (Plate II, Fig. 19) 

Bundaberg, Queensland (Koebele), 1 female. 

Elytra black, with a broad transverse band at base of each and largo mark at ai)ex, yellow. 
The entire margin of each elytron is black although very narrowly so across the base. The 
common median black band extends triangularly forward to the scutellum. Pronotum black, 
except narrow anterior margin, and a large oval mark on each side, not quite reaching base, 
which are yellow. 

Phrynocaria gratiosa, var. flavoguttata new var. (Plate 11, Fig. 20) 

Bundaberg, Queensland (Koebele), 6 (holotype and paratypes) ; Toowoomba, 
Queensland (Koebele, No. 92), 1 (paratype) ; Brisbane (Koebele, No. 1139), 4 
(paratypes), one of these also labeled “Toowoomba." 
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Similar to the typical form, but the basal pale band divided into two marks by an exten- 
sion of the black over the callus to the base, and the median black band enclosing two large 
pale marks on each elytron. The black thus forms a reticulate pattern, with five large pale 
marks on each elytron. Mark 1 between callus and suture at base, subquadrate, with inner 
margin oblique. Mark 2 on outer side of callus at base paralleling the outer margin for nearly 
one-third the length of the elytron, and emarginate on inner side by the black callus. It is 
thus subreniform or like a thick inverted comma. Mark 3 triangular and 4 subquadrate, form- 
ing with those of otlier elytron a transverse series just behind the middle. Mark 5 apical and 
practically as in typical form. Minor variations of this general type are as follows: 

1. Marks 3 and 4 confluent to a more or less degree. 

2. Mark 4 connected with u at their outer margin by a slender pale line paralleling the 
elytral margin. This variation sometimes combined with the preceding. 

3. Marks 1 and 2 confluent as in typical graiiosa, or with an isolated small black spot left 
on callus. This may occur in conjunction with the union of marks 3 and 4, so that each 
elytron is pale, margined all around with black and with two transverse irregular black 
bands at about two-fifths and two-thirds of the length. 

The pale coloration in flavoguitata varies from reddish yellow to creamy white. The prf)no- 
tal markings typically as in grafiosci. In the minor variations the black area may cov(*r about 
three-fourths of the length, leaving a much broader pale anterior border, and it may also be- 
come deeply emarginated by the pale color in the median lino nearly to the base. 

Phrynocaria gratiosa, var. palens new var. (Plate II, Fig. 21) 

Brisbane, Queensland (Koebele, No. 1139), 2 (holotype and paratype). 

This differs from flavogiitfata by the entire lack of the black reticulate pattern, the margins 
only remaining black, with the sutural border dilated between the middle and the scutellum. 
Pale color of pronotum and elytra creamy white, or white marked with testaceous. In the 
type each elytron has a large testaceous brown cloud across tlu* middle, not quite r«‘aching 
the black marginal border and enclosing an oval creamy white mark betw(‘t‘n itself and the 
black suture just behind tlie dilation of the lattt‘r. The base with a broad transv(‘ise band of 
creamy white, the apex wdth a large mark of the same color, the two Ixdng joiiu'd next t<» the 
outer margin by a white line lying between black and brown areas. 

In the other specimen the brown cloud extends forward to the base and encloses a broadly 
oval creamy wdiitc mark between itself and the black sutural dilation at the base. The oval 
creamy white spot next to the suture just behind the middle is present but smaller than in the 
type. The apical creamy white mark is also smaller. The brown cloud is He])arated from the 
black border of outer margin by a narrow pale vitta from base to apex, this vitta being whitish, 
marked with testaceous brown. 

The black area on pronotum as in typical gratiosa except that its anterior margin may have 
a small triangular median emargination and a small whitish st)ot is j)res(*nt in the nu'dian line 
just before the base. 

Phrynocaria gratiosa, var. nigrocincta new var. (Plate II, Fig. 22) 

Bundaberg, Queensland (Koebele), 10 (holotype and paratypes) ; Toowoomba, 
Queensland (Koebele), 1 (paratype). 

Differs from the preceding varieties in having the disk of jjronotum and of each elytron a 
unicolorous tawny (dull brownish yellow). Pronotum narrowly margined with black on the 
outer margin from the middle to the base. The basal margin also is narrowly margined with 
black but this black portion is mostly normally covered by the elytra. Scuttdlum black. Basal 
and sutural margin of the elytron very narrowly margined with black, the ouler margin with 
a rather narrow black border, narrowed behind., precisely as in preceding varieties. There is 
sometimes a black dot on the callus (present in six out of eleven specimens, but absent in 
holotype), and in one specimen there is a black dot at the anterior third and barely closer to 
the suture than to the outer margin. 
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This is the var. G of Blackburn and very likely the insect recorded by Crotch 
from Australia as Coelophora versipellis Mulsant, but versipellis is a genuine Coelo- 
phora, closely allied to C. inacquaUs (Fabricius). 

Phrynocaria gratiosa, var. nigrovittata (Blackburn) (Plate II, Fig. 23) 

Bundaberg, Queensland (Koebele), 5; Toowoomba, Queensland (Koebele, No. 
1139), 1; Brisbane, Queensland (Koebele, No. 1139), 2; Cairns, Queensland 
(Koebele), 2. 

In this variety eacVi elytron has the sutural and outer margin bordered with black and three 
black vittae on the disk. The basal margin of the elytron is also narrowly margined with 
black. The sutural border is uniform in width and is abbreviated just behind the scutellum. 
The middle vitta extends from the callus to apical seventh but is usually interrupted subapically. 
The remaining portion of this vitta is broadly twice indented on its inner margin, or even 
interrupted, in which case the vitta is broken into four spots. The outer vitta joins with the 
middle one at the callus. The inner vitta parallels the suture and extends to the beginning of 
the apical third. The pronotum has an irregular black border across the base and on the pos- 
terior half of the lateral margins. On the anterior middle of the disk is a black mark shaped 
much like a sx)read butterfly, facing forward. 

This was described l)y Mr. Blackburn as a divStinct species in 1895 (Trans. Roy. 
Soc. So. Aust. 19, p. 237) and certainly looks distinct, but the male genitalia are 
precisely as in the preceding varieties. 

Phrynocaria gratiosa, var. koebelei new var. (Plate II, Fig. 24) 

Bundalierg, Queensland (Koebele), 9 (holotype and paratypes) ; Cairns, 
Queensland (Koebele), 2 (paratypes) ; Bri.sbane, Queensland (Koebele, No. Ilv39), 
1 (paraty])e) ; Australia (Koebele), 1 (paratype). 

This differs from all the preceding varieties in lacking the black border on outer margin of 
elytra. The sutural border is somewhat dilated anteriorly and more or less distinctly abbrevi- 
ated just behind scutellum. It has also a slight jmnetiform dilation close to the sutural angle. 
The basal and outer margins are either entirely j)ale or extremely narrowly edged with black 
on the marginal bead (as in holoty])e). Disk of each elytron with four (or five) rather large 
black marks. Marks 1, 2 and 4 forming an interrupted vitta from callus obliquely to apical 
fourth of length and inner third of width. 1 + 2 extends to the middle of length and is dilated 
behind the callus on inner side. Rarely it is divided into two s])ots: 1 small, on the callus, 
and 2 much larger behind. Mark 3 lying half way l)etween the portion 2 or 1 + 2 and the 
outer margin of elytron. Mark 4 somewhat obliquely oval, its inner posterior margin more or 
less a))])roaching the sutural border. Mark 5 quadrate or triangular, often larger than either 
3 or 4 (larger ajid triangular in holotype) and lying between mark 4 and outer margin and 
usually about equally distant from each. Ground color either uhicolorous tawny (holotype), 
or sonudimes with five paler areas corresponding more or less exactly in position and form to 
tlie pale guttate marks of Pavoguttata, In such cases the black marks are bridged together 
by thf‘ tawny ground color to form a more or less evident reticulate pattern. In one paratype 
the ground color is very pale tawny and the five paler areas almost creamy white. Pronotal 
pattern similar to that of typical gratiosa, or flavoguttata, but witli apical pale border broader 
and with a pale mark (or two dots) in the middle before the base. The latter mark varies 
greatly in size and sometimes extends laterally to isolate a black butterfly-shaped mark as in 
nigrovittata. 

This variety seems to be derived from 'fiavoguttata by the loss of the marginal border and 
by having the black reticulate pattern interrupted in such a manner that only a small portion 
of the longitudinal and transverse bars remain. 

EOCARIA NEW GENUS 

Bonn broadly oval, with coloration scheme as in Vibidia, Pronotum with the outer margins 
gently arcuate and convergent in front, the posterior corners subangulate. Thoracic ejiipleura 
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witli a distinct oval fovea. Elytra somewhat broader than base of pronotum, moderately expla- 
nate on outer margin, the epipleura rather less wide than in Coelophora, almost liorizontal and 
very slightly foveate to receive apex of hind femora. Prosternal process bicarinate, tlie carinao 
parallel and extending about three-fourths of the distance to the anterior margin of segment. 
Mesostemum deeply and angularly emarginate in the middle. Metasternum transverse between 
the middle coxae. Coxal lines of first ventrite curving backward and outward from the base 
and becoming confused with tlie posterior margin of the segment. Frons moderately narrow, 
the inner orbits of eyes distinctly convergent behind. Antennae rather long, reaching to the 
front coxae. Joints 3 to 8 slender, much longer than thick, except 7 and 8 whicli are only 
slightly longer than thick. Joints 9 to 11 forming a club, with 9 and 10 both much wider at 
apex than at base, 9 slightly longer than wide and 10 about one and one-third times wider 
than 9 and barely wider than long. Joint 11 broadly oval, about one and one-fourtli times 
longer than wide and truncate at apex. Puncturation of pronotum rather fine and close', that 
of elytra a little sparser and rather distinctly unequal. 

Median lobe of tegmen as seen from above very narrow' at base, abruptly bent downward 
near the beginning of the second fifth and at the same point beginning to expand into an 
elongate oval body, which is narrow^ed into a slender ui)turned point at apex. As seen from 
the side the median lobe is strongly compressed beneath in the constricted basal ])art and 
depressed on apical half both above and beneath. Paramera slender throughout, almost per- 
fectly straight, reaching to the apex of median lobe and strongly cirrate at apex and on outer 
margin as far as the middle. Bipho short and rather stout, moderately swollen from middle 
to beginning of the apical third, with evident separation of the dorsal strands, and armed 
beneath near apex of swelling with a pair of small hook-like processes from the ventral strands. 
Just beyond the swelling the dorsal strands are twisted one over the other and rapidly taper 
into a slender part which is slightly constricted close to apex. The short i)ortion l)eyond the 
constriction more membranous and bent slightly dowmw'ard. 

From Coelophora this genus differs in the broadly oval form, with tln^ posterior angles of 
pronotum much more evident, the frons narrower (but not so narrow as in Phrynocarid) , and 
the sternum much more convex. With Propylea it agrees in general form and structure, Init 
the prothoracic foveae are rather more evident, the frons decidedly narrowei’, the elytrul }»unc- 
turation distinctly unequal and the coloration and male genitalia very different. 

Genotype : Eocaria nmiri n. sp. 

Eocaria muiri new species (Plate II, Fig. 25) 

Japan (Koebele, No. 1237), 1 1 $ (holotype S and allotype).* Also two 

paratypes collected in Japan (Okitsu, June, 1913, and Karuizawa, Aug. 1913) by 
Frederick Muir and in the collection of the Hawaiian Sugar Planters’ Experiment 
Station. Also the following paratypes in U. S. National Museum : 1 , 1 $ , 

Karuizawa Mts., Japan; 2 9, Kyoto, Japan; 1 Shin Kai Si, Mt. Omei, 45(X) ft., 
Szechwan, China, Aug. 7, 1929 (D. C. Graham) ; and 1 ^ ,2 9, Suifu, Szechwan, 
China, 1922, and June 21, 1928 (D. C. Graham). 

Very similar in size, coloration and markings to Vihidia H^-guttata (Poda), wdth which 
species it has been found confused in collections, but somewliat more broadly oval, the prono- 
turn with four white spots across the base instead of two, and the two outermost spots on each 
elytron widely separated from the margin. 

Rich orange brown or fawn color above and beneath, with the palpi, antennae and legs 
about concolorous. Mesepimera, anterior corners of pronotum, and frons, more or less, creamy 
white. Pronotum also with four creamy white spots at the base. The two inner ones placed 
on either side of middle, diverging in front and usually not quite touching the basal margin. 
The other two broader, either quadrate or rounded, and placed on the basal margin just within 
the posterior angles. Each elytron with six oval, or broadly oval creamy white spots, of nearly 

^Por iEnebele'S field note, see Vihidia IS-gy^tata (Poda), with which this species was 
jeonfused^ 
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the same size and arrangement as in Vihidia 1^-guttata (Poda) except that the two outer 
spots (3 and 5) are well removed from the lateral margin. Spot 6 usually more or less quad- 
rate and transverse, the others having their longer axis parallel to the suture. Spots 1, 4 and 

6 equidistant from the suture, and 2 about twice as far removed. Spot 3 placed behind and 
slightly exterior to the callus. Spots 2 and 4 arc each somewhat posterior to 3 and 5 respec- 
tively. The channel i)aralleling the lateral margin is more or less whitish, especially at the 
basal and apical angle. At the latter angle it is often dilated into a well defined creamy white 
spot which may be more or less confluent with spot 6. Male genitalia as defined under the 
generic heading. 

Length of JapanCvSe specimens, 4*5 mm.; of the Szechwan specimens, 5.25- 
5.5 mm. 

GYROCARIA new genus 

Form subliemisix'rical, or very broadly oval, the elytra at base only slightly wuder than 
pronotum. Sides of pronolum gently rounded, convergent in front, and very finely margined. 
Head rather large, the frons broad, the inner orbits of eyes subparallel. Canthus of eye rather 
deep and narrow. Clypeal margin slightly emarginate. Antennae rather short, not surpassing 
anterior margin of front coxae. Antennal joints 3 to 7 very slightly longer than thick, ^ as 
long as Avide, 9 and 10 transverse, 11 wider than long, obliquely rounded at apex. Joints 8 to 
11 forming a compact club. Ejupleura of prothorax shallowOy foveate on inner margin ante- 
riorly, the fovea covering about one-fifth to nearly one-third of the length. Prosternal process 
rather short and broad, only slightly surpassing front coxae, Avith two submedian longitudinal 
carinae, which extend considerably in front of the coxal cavities. Mesosternum broadly and 
rather shalloAvly emarginate medially, its anterior border sharply declivous. Metasternum 
truncate and rather broad between middle coxae. Coxal lines of first ventrite curving outward 
to hind margin of segment, the oblique line present but indistinct. Elytra subexplanate and 
strongly margined at sides, the epipleura rather broad, descending externally and subfoveate 
to leceive apex of hind femora. Puncturation fine but rather strong, more or less coarser on 
explanate outer margin of the elytra, and sometimes slightly unequal on their disks. Fifth 
ventrite in mah' strongly and very broadly emarginate at apex, the sixth much less broadly 
emarginate, but exposing a very short seventh segment. Pronotum black, the sides broadly 
Avhitc' or pale yellow'. Frons in female black, pale in male. 

Median lobe of the tegmen short, depressed, deeply emarginate at apex, the process on each 
sid(> of emargination acute (the structure resembling an old-fashiom'd bootjack and recalling 
condition found in SgnharmohUt, but the lobe much shorter, not turned upw^ard at apex and 
much more deeply emarginate). Paramera short and straight, equalling the length of median 
lobe and Avell separated at base. Sipho short, rather stout, and rather abruptly tapering in 
the apical tenth into a very fine membranous point. 

Genotype: Coclophora guttata Blackburn. 

Gyrocaria guttata (Blackburn) (Plate IT, Fig. 26) 

Australia (Koebcle, No. 1159), 5; Cairns, Queensland (Koebele, No. 1159), 

7 specimens, one of these also labeled “Kuranda, Geraldon.” 

(“1159. One specimen at Kuranda, Queensland, on orange. Common at 
Geraldon, Queensland, and breeding upon psyllids infesting hibiscus tree, Aug. 
10-15, 1894.“) 

AIOLOCARIA Crotch 

Aiolocaria mirabilis (Motschulsky) 

Japan (Koebele, No. 1300), 5 specimens. 

(“1300. First observed at Gifu, Japan, beginning of April 1895, and said by 
Mr. Nawa to feed upon the eggs and larvae of a Chrysomcla infesting willows. 
Here a number of specimens were found and forwarded to Honolulu. Eggs were 
present upon the trees in large numbers and some brought to Yokohama and placed 
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upon hibiscus infested with aphis, were lost sight of, evidently they will not feed 
on this. At the end of June, at Nikko, the beetle again was met with and feeding 
upon a chrysomelid larva infesting walnut; many eggs were noticed there as well. 
Without any doubt this would feed upon the potato beetle in America. Many eggs 
were found on walnut, where no trace of the chrysomelid was noticed. Still breed- 
ing during July upon coleopterous larvae on walnut. Noticed one larva running 
around on tree, upon which no more food was present, and meeting with a large 
syrphid larva it devoured the same. A chrysomelid was numerous and destructive 
on Alnus incana and none of these beetles were ever observed, but fed with these 
larvae in confinement they would devour the same. Mature insect was also observed 
upon willow, at Nikko, infested with a small blue chrysomelid, but the larva was 
not found.”) 

SYNONYCHA Mulsant 
Synonycha grandis (Thunberg) 

Ceylon (Koebele, No. 1200), 1; China (Koebele, No. 1200), 2; Hongkong, 
China (Koebele, No. 1200), 12; and 7 specimens without data. 

(“1200. Three specimens near Kandy, Ceylon, December 1894, feeding upon 
a large aphid infesting the bamboo plants. Found more numerous during January 
and February 1895, and always feeding on the large aphid, which according to 
Mr. Green is Orcgnia bambusae Buckton. Noticed eggs during January, yet these 
never hatched and no larvae were observed. 

^‘Oct. 15, 1895, common at Hongkong, upon same aphid, in larva, pupa and 
imago stage. Swatow, China, December 1895. 

“One apparently fresh specimen upon orange at Jordan’s place [Honolulu] no 
doubt feeding upon aphis. May 6, 1896. 

“Jan. 17, 1897, mounted parasites (Hoinalotylus) and secondary parasites from 
larvae collected at Hongkong, China, marked No. 1200. 

“Feb. 28, 1900, a few aphids on bamboo at Hongkong l)ut beetle not l)reeding 
yet, although present.”) 

CHEILOMENES C HEVROLAT 

The type of Chciloincncs, as selected by Crotch, 1874, is Coccinella lunata Fabri- 
cius. The same species must be taken as the type of Cydonia Mulsant, so that the 
latter name falls in synonymy, 

Cheilomenes sulphurea (Olivier) 

Ukami, German East Africa, 1 male. 

This is distinct from the South African C. lunata (Fab.), not only in the mark- 
ings but also in the male genitalia. 

MENOCHILUS NEW NAME 

The genus Cheilomenes Mulsant and other authors, with Coccinella sex-niaculata 
Fabricius as type, needs a new name and may be called Menochilus. 

Menochilus sex-maculatus (Fabricius) 

Ceylon (Koebele, No. 1217), 2; Formosa (Koebele, No. 1347), 1; Manila, 
Luzon (Geo. Compere), 1 specimen. 

(“1217. Three specimens brought to me and said to have been collected with 
No. 1209 amongst grass at Kandy, Ceylon, Jan. 10, 1895.” 
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“1347. A few specimens only, hibernating on screw palm chiefly, Swatow 
China, Dec. 11, 1895. Also at Tamsui, Formosa, December 1895.’^) 

Menochilus quadriplagiatus (Schonherr) 

China (Koebele, No. 1316), 19; Hongkong, China (Koebele, No. 1316 and 
1338), 24. 

(“1316. One pair in copula at Macao, China, Oct. 24, 1895, upon Acacia (?) 
infested with Dactylopius. Nov. 1, 1895, very numerous at Botanic Gardens, Hong- 
kong, feeding upon Dactylopius infesting a creeping Ficus, in larva, pupa and imago 
states, on aphids infesting Hcmerocallis, in all stages; upon pine and various other 
trees. Common on weeds infested with aphis; in all stages at Kowloon, Nov. 18, 
1895. Swatow, Dec. 11, 1895 and Kowloon, Dec. 13, 1895, common in all stages 
u])on aphis on egg plant. From pupa likely of this insect, a parasite was bred and 
is marked 1316. Tetrasti chine.’') 

For No. 1338 see Artemis circumusta Mulsant, with which Koebele evidently 
confused this species. 

HALYZIA Mulsant 
Halyzia sedecim-guttata (Linnaeus) 

Waldkirch, Baden, Germany (Koebele), 5; Pelussin, France, August 1900 
(Koebele ?), 1 specimen. 

NEOHALYZIA Ckotcii 

Neohalyzia perroudi (Mulsant) 

Mexico (Koebele, No. 1685), 1 female. 

(“1685. But two specimens, while beating at base of Popocatepetl, Mexico, 
May 1897, about 10,000 ft. elevation. A very peculiar pale form and resembling 
Epilachna except in want of pubescence.”) 

VIBIDIA M ULSANT 

Vibidia duodecim-guttata (Poda) 

Japan (Koebele, No. 1237), 2 females. 

(“1237. Few at Miyanoshita and more at Atami, April 1895, upon various 
trees and not upon any particular food. Some sent to Honolulu. At Yokohama 
in larva state upon alder infested with mildew.”) 

PSYLLOBORA C HEVROLAT 

As Coccinclla 20-maculata Say, selected by Crotch, 1874, as genotype of Psyllo- 
bora was not originally included by Chevrolat, and hence not a valid type, I here- 
with select Coccinclla lineola Fabricius, as the type of Psyllobora. Thca Mulsant 
is here included. 

Psyllobora luctuosa Mulsant 

Mexico (Koebele, No. 1648), 13; Guadalupe, D. F., Mexico, Nov. 1907 (Koe- 
bele), 2. 

(“1648. One specimen, beating at Oaxaca, Mexico, August 20, 1897. Very 
common on Popocatepetl, Mexico. Many mounted.”) 

Psyllobora koebelei Nunenmacher (Plate II, Fig. 27) 

Arizona (Koebele, No. 2426), 1 male, 1 female. 
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I have labeled these paratypes as they are cited in the original description. 
According to Nunenmacher the specimens were collected at Nogales, Santa Cruz 
County, in June 1902. 

Psyllobora parvinotata Casey 
Florida, 1 female. 

1 regard F. pallid icola Blatchley almost unquestionably as the same species as 
P. parvinotata Casey, after comparison of specimens collected by Blatchley at 
Dunedin, Florida, with Casey’s type. The elytral pattern proved identical and the 
Blatchley specimens (also the specimen cited above) differed only in lacking the 
pronotal marks which are well developed in Casey’s type. 

Psyllobora viginti-maculata (Say) 

West Point, Nebraska, May 1888, 1. 

Psyllobora borealis Casey 

Oregon (Koebele), S; Easton, Washington (Koebele), 2. 

Psyllobora taedata Leconte 

Alameda, California, April (Koebele), 1; Oregon (Koebele), 1. 

Psyllobora deficiehs Casey 

Santa Cruz Mountains, California (Koebele), 1. 

Psyllobora renifera Casey 

Sonora, Mexico (Koebele, No. 1679), 4; Arizona (Koebele, No. 2418), 4; 
Argus Mountains, California, April 1891 (Koebele), 4; Panamint Valley, Cali- 
fornia, April 1891 (Koebele), 1. 

(^T679. Five specimens, beating at Hermosillo and Guaymas, Sonora, Mexico, 
April 1897. This insect [considered by Koebele to be the same as P. taedata] lives 
upon mildew on grape, rose, apple, etc.”) 

Psyllobora juvenca new species (Plate II, Fig. 28) 

Similar to P. renifera Casey, but spots 1 and 3 free (1 sometimes joined laterally with 2), 
tlie others joined to form an irregular-shaped longitudinal mark, broadly incised at one-third 
and near the middle and nodosely enlarged on each side at two-thirds. Differs from P. taedata 
Lee. and P. ^O-niaculata (Say) in having dark markings of elytra distant from lateral margin. 
In respect to male genitalia similar to P. renifera Casey, but sipho slightly longer, the median 
lobe of tegmen less slender, comi^ressed at base, slightly obtuse at apex which is only slightly 
upturned. 

Described from 3 specimens, in collection of the Hawaiian Sugar Planters’ 
Experiment Station, two of them belonging to the Koebele collection : 1 $ (holo- 
type), Cuautia, Morelos, Mexico (Koebele) ; 1 paratype, Morelos (Koebele) ; and 
1 paratype, El Potrero, Vera Cruz, Mexico (H. T. Osborn). 

Psyllobora vigintiduo-punctata (Linnaeus) 

Lyons, France, May 1897, 1 male; Waldkirch, Baden, Germany (Koebele), 5. 

ILLEIS Mulsant 

V This genus is very distinct from other Haly^iine genera in the structure of the 
antennae and maxillary palpi. The antennae are elongate, distinctly surpassing 
front coxae. Joints 3 to 5 considerably longer than wide, 7 also longer than wide, 
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but 6 and 8 shorter, sometimes much shorter, than the joints between which they 
are placed, and usually about as long as wide. Joints 9 to 11 forming a very loose 
club, 9 and 10 widening toward apex, where they are not greatly wider than the 
apex of joint 7. Apical joint, however, considerably wider than the preceding 
joints, and ovoid to subrotund in shape. Apical joint of maxillary palpi in the form 
of a transverse elongate-ellipsoid disk, attached to the preceding joint at the middle 
of its basal surface. Its outer surface is transversely creased. 

Mulsant (1850) placed the species of Illeis under Psyllohora but separated them 
as a subgenus under the preoccupied name Egleis (p. 167). In the Appendix 
(p. 1026) he indicates that his key line, ‘'A. Dernier article de la massue des an- 
tennes, ovoide, court (G. Egleis) P should have preceded P, galhula on page 166 
instead of P. cincta (p. 167), and substitutes Illeis for Egleis. In the body of the 
work he thus actually included P. cincta (Fab.) and P. bistigmosa Mulsant under 
Egleis, and in the appendix added P. galhula Mulsant, under the substitute name, 
Illeis. Psyllohora galhula Mulsant is here designated as the type of Illeis. 

Weise, overlooking Illeis, proposed Leptothca (Arch. Naturges, 64, p. 227, 
1898) with Psyllohora galhula as the type. 

Illeis galbula (Mulsant) (Plate II, Fig. 29) 

Australia (Koebele, No. 18, 481 and 1018), 13: Toowoomba, Queensland 
(Koebele), 1; Cairns, Queensland (Koebele), 6. 

(“481. A black and lemon-yellow coccinellid found only with the woolly aphis, 
numerous at Gordon, New South Wales, and also at Toowoomba, Queensland. 
Never met with this insect except feeding on above insect. 

“1018. Found first at Gordon, N.S.W., upon a])ple trees infested with woolly 
aphis. Also at Toowoonil)a, Queensland, Nov. 9, 1892, upon same trees. At this 
place the eggs were found on trunk of an old Northern Spy. Many in spider’s 
nest, also young larvae, no doubt feeding ujxni mildew. 

“Nov. 14, one specimen upon orange at Parramatta, New South Wales. 

“Nov. 19, ])laced large larva with a]4iis ; this ])Upated two days later without 
feeding. Young placed with same food, yet got lost. 

“One specimen at Harwood, New South Wales, and more on way to Richmond 
River, many upon orange. Baron River, Queensland, July 1894, one specimen. 

“Jan. 2, 1899. Mr. Compere brought to me one dead specimen found in hospi- 
tal grounds, Honolulu, under croton plant, upon which two living specimens were 
observed.’’) 

Illeis cincta (Fabricius) 

Ceylon (Koebele, No. 1210) , 6 females. A male with the same data was found 
in the collection of the Citrus Experiment Station. 

(“1210. One specimen by beating Pittosporurn near Kandy, Ceylon, Jan. 1-7, 
1895. One more running around tips of a plant, yet not any food could be observed. 

“Sent to me by Mr. Green in all stages upon mulberry at Yokohama and else- 
where, Japan, on various trees, mulberry, Alnus, etc. 

“At Hongkong, Oct. 19, on Pyrus sinensis, and very numerous upon Stillingia 
sebifera, w^here they breed upon mycelium. 

“Common at Tamsui, Formosa, December 1895.”) 
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Illeis confusa new species 

Like J. cincta (Fab.) and not distinguishable except by the male genitalia. Median lobe 
of tegmen acicular, strongly compressed and much deeper than wide in basal half, depressed, 
i,e,f thin dorso-ventrally, and strongly curved upward at apex. In cincta (from Ceylon) this 
lobe is not distinctly curved upward at apex. It is less compressed at base so that the depth 
is hardly greater than width, and the apical part is compressed, instead of depressed, and ends 
very sharply as seen either from above or in profile. Paramera and sipho practically the same 
in both species, the paramera being gently arched, cirrate at apex, and about as long as median 
lobe of tegmen. The sipho is rather short, slender and simple. 

China (Koebele, No. 1210), 4 males (holotype and paratypes), in Koebele col- 
lection ; and the following paratypes : 2 males, 2 females, with same data as above, 
in U. S, National Museum ; 7 specimens from Hongkong and 9 labeled West Aus- 
tralia, probably in error, collected by Geo. Compere, in collection of Citrus Experi- 
ment Station. The Koebele specimens are from Hongkong. 

Illeis koebelei new species (Plate II, Fig. 30) 

Like cincta and confusa and distinguishable only by the male genitalia. Genitalia mort‘ 
similar to cincta than confusa^ but median lobe of tegmen and paramera both shorter. Median 
lobe very acicular, compressed, sharp and only very slightly upturned at apex. As seen from 
the side the lobe at the base is much dee*por than thick, but considerably less deep than in 
confursa. As seen from above it appears like a thin line. Paramera rather strongly ciirv(*d 
at base and thicker in proportion to their length than in the other two species. 8i])ho similar 
except that it is more slender. 

Japan (Koebele, No. 1210), 101 specimens (holotype ^ and paraty])es) ; For- 
mosa (Koebele, No. 1210), 4 paratypes, in Koe])ele collection; and the following 
paratypes: 1, Japan (Koebele) in collection of Citrus Experiment Station; 3, Gifu, 
Japan (Y. Nawa), 2, Japan, in U. S. National Museum; also 13 from Szechwan, 
China (D. C. Graham) in U. S. National Museum, as follows: 8, Tseo Jia Geo, 
south of Suifu, 2,000-3,000 ft.; 1, Suifu; 1, Shin Kai Si, Mt. (3mei, 4,500 ft.; 1, 
near Luting Kiao, between Fu Yao Linn Pass and Tatsienly, 5,000-6,000 ft.; 1, 
west of Yachow, 6,000 ft., and 1, west of Fu Lin, 4,0{X)-8,500 ft.; also 2, Okitsu, 
Japan (F. Muir), in collection of Hawaiian Sugar Planters’ Experiment Station. 

Illeis luzonica new species 

This seems to be exactly like amboinensiSf except in the male genitalia, as given in the table 
on page 61. The paramera are slender, straight, inserted very close together and cirrate at 
apex. The sipho is slightly more slender than in amboinensis. Length, 3.8 mm., width, 3 mm. 

Described from 1 $ (holotype), Los Banos, Luzon, Philippine Islands, July 
1916 (F. X. Williams), and 1 $ (paratype), from same locality, March-June, 1925 
(Pemberton), in collection of the Hawaiian Sugar Planters’ Experiment Station. 

Gne female, Larat (F. Muir) appears to represent another undescribed species 
near luzonica and amboinensis but differs in the narrower, more oval form, and in 
having the pronotum less broad, with the side margins much less convergent ante- 
riorly. 
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APPENDIX 


TABLE OF GENERA ALLIED TO HIPPODAMIA AND NAEMIA 

Body oval, more convex beneath than usual in Coccinellinae, head more exposed, 
the eyes generally fully exposed, legs longer, the femora generally reaching beyond 
sides of body, prothorax widest near the middle. 

1. Protborax margined at base 2 

Prothorax immargined at base, or at most only slightly laterad 7 

2. Abdominal coxal plates entirely obsolete 3 

Abdominal coxal plates distinct and forming arc reaching not more than to middle of 

segment; front basitarsi of male dilated 6 

3. Mesosternal coxal jjlates ol:)solete 4 

Mesosternal coxal plates distinct; claws simple Naemia Mulsant 

4. Tarsal claws bifid or with a quadrate basal tooth 5 

Tarsal claws simple; elytra \dttate Paranaemia Casey 

5. Claws with a quadrate basal tooth ; prothorax rather strongly arcuate at base, with the 

raised marginal line complete Coleomegilla Timberlake 

(3aws bifid, the inner tooth much shorter and stouter than the outer tooth; prothorax 
subtruncate at base, with the raised marginal line distinct excei)t at middle 

Eriopds Mulsant 

r>. Claws slender, with a quadrate basal tooth; third antennal joint of male longer than 
joint on either side, triangularly enlarged toward apex and ciliate on outer margin 

at apex Ceratomegilla Crotch 

Claws bifid, the inner tooth nearly as acute as outer tooth but much shorter; third 
antennal joint of male simple and no longer than following joint Adonia Mulsant 

7. Claws bifid or with a basal quadrate tooth 8 

(3aws simple 9 

8. Claws bifid; mesosternal and abdominal jdates obsolete or rudimentary 

jBT ippodamia Chevrolat 

Claws with a basal quadrate tooth ; third antennal joint of male about equal to follow- 
ing joint and triangularly enlarged toward apex; front basitarsi of male swollen 

Seiniadalio Crotch 

9. Body oval; side margins of elytra rather broadly reflexed, the epipleura horizontal; 

elytra maculate Anisosticta Chevrolat 

Body extremely elongate; elytra vittate, the side margins narrowly reflexed and the 
epipleura sloping upward from within Macronacmia Casey 


ANISOSTICTA Ch EVROLAT 
Anisosticta borealis new species 

Differs from A, hitriangularis (Say) in having underside of body black, with anterior 
margin of prosternum narrowly white. Mesepimera black. Metepimera black, or at most very 
obscurely whitish. Venter entirely black. (In hitriangularis the mes- and metepimera and 
sides of venter are white.) Pronotum black, with narrow lateral and anterior border yellow. 
The anterior pale border widened at middle and uniting more or less with a median pale line 
reaching to the center. Basal margin with a semioval pale spot at middle. Elytra with a 
common black sutural vitta reaching almost to apex and dilated four times, Le., confluent with 
spots 3, 6, 8 and 9. Spots 1, 2, 4, 5 and 7 enlarged and confluent to form a broad sinuous 
vitta, which is sometimes narrowly joined to spot 9. Spot 7 sometimes free. Spot 3 some- 
times joined to 1, and 6 to 4, thus isolating two pale areas. 

1 male (holotype), Nulato, Alaska, June 14, 1916 (Harrington), and 2 para- 
types, Anchorage, Alaska, June 6, 1917 (J. S, Fline), in U. S. National Museum. 
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NAEMIA Mulsant 
Naemia seriata seriata (Melsheim^r) 

Specimens of this species in the U. S. National Museum are from ‘'Mass/'; 
Staten Island, N. Y., Long Island, N* Y. ; “N. J.," Cape May, N. J. ; Chesapeake 
Beach, Piney Point, Breton Bay, etc., Md. ; Fort Monroe, Old Point Comfort, 
Wachapreague and Ragged Point, near Coles Pt., Va. ; Cameron, Riverside and 
New Orleans, La.; Victoria, Texas on cotton, and Brownsville, Texas. In the 
American Museum are specimens from Woods Hole, Mass. 

Naemia seriata decepta (Blatchley) 

In the American Museum from Beaufort, S. C., and the following places in 
Florida: Everglade, Kissimmee, Sanford and Dunedin. From Cuba: San Carlos 
Est., Guantanamo, Cubanas ; and from Sources Puantes, Haiti. In the U. S. Na- 
tional Museum from Biscayne, Capron, Pta. Gorda, Paradise Key, Fla. and St. 
Marc and Etang Sumetre, Haiti. 

The Cuban and Haitian specimens, especially the latter, average somewhat larger 
than typical seriata and are brighter colored than Florida specimens of decepta, 
with which they agree in the reduced markings. 

COLEOMEGILLA T IMBERLAKE 

TABLE OF THE RACES AND VARIETIES OF 
C. MACULATA (DE GEER) 

1. Head weakly punctured (northern Mexico and northward) 2 

Head distinctly and unequally punctured (Mexico, South Ainoricu, and West Iin lie's) 4 

2. Spots 2 and 3 united to form a large oval black mark, usually about equally distant 

from suture and side margin; spot 5 nearly always united with fellow on suture; 
spot 6 not touching suture even when enlarged; pronotal marks large, obtriangular, 

rarely confluent at their middle 3 

Spot 2 usually free, forming a smutting detached black dot near side margin, or al- 
together absent, spot 3 oval, rather small and widely separated from 8])ots 1 and 
% ; spots 4, 5 and 6 reduced, subequal, but sometimes one or another one-half as 
large as others, 5 free from suture; pronotal marks reduced, oval, or more or less 
curvilinear, and generally reaching about three-fourths from ba8e./it.s*d?abm (Mulsant) 

3. Median lobe of tegmen (male genitalia) slender, with a narrow truncate apex which 

is hardly notched Icngi Timberlake 

Median lobe of tegmen somewhat broader, more fusiform, the apex a little wider and 
distinctly notched streiina (Casey) 

4. Pronotal marks normally separated by a pale narrow median line or confluent only at 

the middle '. 5 

Pronotal marks united, emarginate in front medially and broadly separated from ante- 
rior margin by a pale border and more narrowly separated from the side margins; 
elytral markings similar to fuscilabris, except that spot 2 is sometimes partially or 
even entirely separated from 3, and spots 4, 5 and 6 are subequal, moderately large, 


with both 5 aud 6 usually united with their fellow on suture cubensis (Casey) 

5. Elytral spot 6 free from suture, the markings similar to those of fusoilahris, except 

that mark 2 -f- 3 is more irregular, with separation of 2 more or less, rarely en- 
tirely, complete 6 

Elytral spot 6 joined with its fellow on suture. 9 

6. Legs black, size and markings similar to leiigi, the pronotal marks sometimes reduced 

as in /ttfoilabris 7 

Tibiae reddish brown; pronotal marks bifurcate, the outer spur slender; spot 
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2 of elytra longitudinally lengthened and nearly separated from 3, which is large 
and quadrate; spot 5 narrowly separated from suture; size very large (8 mm.) 

tibialis n. var. or subsp. 

Spot 5 uniting with fellow on suture 8 

Spot 5, as well as 6, free from suture, as in fuscUahris bis-sex-punctata (Latreille) 

Markings agreeing closely with lengi and strenua^ but head distinctly punctured, male 

genitalia much like strenua medialis (Casey) 

Agreeing with medialis but elytral markings much heavier, the black spots large, more 

or less narrowly separated one from the other Umensis (Philippi & Philippi) 

Mark 2 + 3 reaching to side margin of elytra.'. 10 

Mark 2 + 3 free from side margins of elytra, and about as in lengi; spots 1, 4, 5 and 
6 large, 5 and 6 being united with fellows on suture ; pronotal marks nearly evenly 

obtriangular and narrowly separated from front margin boliviensis n. subsp. 

Similar to boliviensis except mark 2 + 3 reaches to side margin and pronotal marks 
a little larger, more narrowly separated from each other and sometimes confluent 
at the middle ; venter entirely black, or obscurely pale at sides of segments 3 to 5 

maculata (De Geer) 

Similar to maculata except that the suture is narrowly black between spots ^2 and 
5 and more broadly black between 5 and 6; mark 3 triangular, with one angle 
directed backward between 4 and 5; 2 joined with 3 but not very broadly; prono- 
tal marks obtriangular and bifid, both arms being short, blunt, subequal ; venter 

entirely dark maculata, var. triangulifera, n. var. 

Similar to maculata, but elytral marks confluent; spot 1 nubilously joined to 2 + 3, 
latter continuous from suture to side margin and dilated at tlie middle behind to 
unite with 4; 4 narrowly joined to 5; suture continuously black from base to 
spot 6 maculata, var. confluens, ii. var. 

Coleomegilla maculata fuscilabris Mulsant 
Megilla maculata floridaua Leng. 

In the American Museum represented by specimens from Key West, Lakeland, 
Sanford, Royal Palm Park, and La Belle, Florida. In the U. S. National Museum 
from Paradise Key, Coral Gables, GainesVille, Moore Haven, Enterprise, Orlando, 
Capron and Lake Poinsett, Florida, and New Orleans, Covington and Mandeville, 
Louisiana. The type locality is New Orleans. 

A series in the National Museum from Shaw Pond and Eastern Branch, Wash- 
ington, D. C. (H. S. Barber) shows intergradation with lengi, but ranges closer to 
fuscilabris. The markings are larger than in typical fuscilabris, with spot 5 some- 
times joined with fellow on suture. Si)ot 2 present and usually confluent with 3. 
In typical fuscilabris spots 5 and 6 are always small, geiierally smaller than 4 and 
either one or both may be absent. Washington, D. C., is further north than we 
would expect the influence of fuscilabris to show, and Mr. Barber suggested to me 
that possibly specimens had been introduced on water plants from Florida. 

Coleomegilla maculata lengi Timberlake 

This race is generally distributed east of the Rocky Mountains. The type local- 
ity is Columbus, Ohio. wSpecimens of Coleomegilla from Arizona and southern 
California (Imperial Valley and San Diego) are presumably referable to strenua. 

Coleomegilla maculata strenua (Casey) 

In the National Museum are specimens from Camargo, El Molina, Los Mochis, 
Rosario, Eldorado, Tuxpan and San Jose de Guaymas, Mexico. In the American 
Museum is a specimen from Paso del Norte, Chihuahua. The type locality is 
Brownsville, Texas, 


7. 

8 . 

9. 

10 . 
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The specimen from Paso del Norte has markings as in strenua, but head is 
strongly punctured. Two specimens from Rosario, Sinaloa, have the markings 
nearly as in strenm and the head rather strongly punctured. Three specimens from 
Tuxpan have marking more as in medialis and head rather strongly punctured. 
The Tuxpan specimens are perhaps better referred to medialis. 

Coleomegilla maculata medialis (Casey) 

This seems to be the Coccinella oblonga Olivier, 1791, but that name is pre- 
occupied. 

In the American Museum are specimens from Jalapa and Mazatlan, Mexico. 
In the National Museum it is represented by specimens from San Juan Bautista, 
Tabasco ; Oaxaca ; St. Lucrecia, Vera Cruz ; and Colima, Mexico ; Duehas and Paso 
Antonio, Guatemala; Honduras (type, in Casey collection) ; Gatun, La Chorrera, 
Tabernilla, Lion Hill, Ancon, Summit (Canal Zone), Chagres River, Juan Mina, 
Chilibre River, one mile above Juan Mina, etc., Panama; Medellin, Colombia; 
Caracas and San Carlos Cojedes, Venezuela; Coroni River, Trinidad; and Marti- 
nique. 

In one out of six specimens from San Carlos Cojedes (H. P. Pittier) spot 2 
reaches the side margin, thus agreeing with maculata (De Geer), but the pronotal 
black mark is very large, entire, leaving only the side margins and outer portion 
of anterior margin on each side, narrowly pale. The others agree closely with 
medialis. In one out of three specimens from Coroni River, Trinidad (Harold 
Morrison), spot 2 reaches rather obscurely to the side margins. 

Coleomegilla maculata bis-sex-punctata Latreille 

As recognized by me this agrees with medialis except that si)ot 5 is reduced in 
size and separated from suture. It is questionable whether the specimens seen by 
me represent a race or a mere variation of medialis. 

It is represented by two specimens from Panajachel, 5,000 ft., Guatemala 
(Champion), in the American Museum. 

Coleomegilla maculata tibialis, new subspecies 

Differs from other races in having tibiae distinctly brown, the hind pair only distinctly so 
on the outer (dorsal) margin. Head strongly punctured. Pronotal marks strongly obtriangu- 
lar and bifid in front, with outer spur slender, the inner one sliorter and truncate. The two 
marks well separated medially, broadly behind and one-half closer on anterior half. They are 
broadly separated from anterior and lateral margins. Elytral marks 1 and large but well 
separated from each other and from 2 -f- 3. Mark 2-1-3 almost divided by a thin obscure 
pale line, the component 2 being elongate and longitudinally disposed. 3 large and quadrate, 
forming a deep acute angle in the pale ground color where it joins with 2 behind, and acutely 
produced along 2 on its other side. 2 free from the side margin. 8pot 4 rather large and 
round. 5 smaller than 4 and reaching close to but not quite touching suture. 8pot 6 about 
one-half as large as 5 and free from suture. Length, about 8 mm. 

Described from 1 male (holotype), Rio Frio, Colombia, Mar. 1924 (H. W. 
Atkinson), in U. S. National Museum. 

Coleomegilla maculata limensis (Philippi & Philippi) 

This as recognized by me agrees closely with medialis but has the elytral mark- 
ings much heavier. 

Pronotal marks obtriangular, slightly emarginate at apex, well separated medi- 
ally, and reaching to apical fifth. Elytral marks all large, but 2 not reaching side 
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margins and 6 not confluent with felk.w at suture. Mark 2 + 3 emarginate on each 
side where the two components are fused, 3 being much the larger, extending angu- 
larly forward between spots 1 and j /2 and behind approaching in a broad curve to 
spot 4 or even slightly confluent with 4. Head strongly punctured. 

5 specimens from Peru, without further data, in the American Museum. 

3 specimens from Milagro, Ecuador, Nov. 29, 1922 (F. X. Williams), in 
H.S.P.A. collection, agree closely with the Peruvian specimens. In two of these 
mark 2 + 3 is irregularly crescent-shaped, with inner horn very much longer than 
the outer part. In the other specimen mark 2 + 3 is truncate in front, spot 1 pro- 
longed behind and nebulously confluent with 2 + 3, which is distinctly confluent 
with 5. 

Coleomegilla maculata boliviensis new subspecies, or var. 

Tliis «s deseribed in the table does not differ much from maculata (De Geer) except that 
mark 2 + «! Is comparatively small and fails to reach the side margin. 

Described from 1 specimen (holotype) from Rurrenabaque, Rio Beni, Bolivia, 
Jan. (W. M. Mann), in U. S. National Museum. 

Coleomegilla maculata maculata (De Geer) 

Pronotal marks large, narrowly separated medially, sometimes a little coalescent 
at middle, and narrowly separated from anterior and lateral margins. Elytral mark- 
ings heavy, but normally showing little if any coalescence. Mark 2 + 3 completely 
fused and extending to the side margins. Spot 6 fused with fellow on suture. 
Plead strongly punctured. 

In U. S. National Museum represented by s])ecimens from Pernambuco, Jan. 
and Fel). 1883 (Koeltele), M'anaos (Miss H. B. Merrill) and Obidos (H. Rolle), 
Brazil; Paramaril)o, Dutch Guiana (D. F. Fernandez); Ciudad Bolivar, Venezu- 
ela, 100 ft., Nov. -Dec. 1929 (Ernest Holt) ; and Barbados. In American Museum, 
5 from Brazil without further data, 2 from Obidos (H. Rolle) and 13 from Bar- 
bados. 

The Barbados specimens show a strong tendency toward coalescence of the 
pronotal marks, which are sometimes completely joined as in cuhensis (Casey), 
but they are much larger than in that race and reach nearly to anterior margin. In 
one specimen mark 2 + 3 does not quite reach to the side margin. The variation 
of the Barbados specimens is in the direction of ciibcnsis, but they are clearly refer- 
able to niaculafa. 

The Obidos specimens are unusually large (about 7.25 to 7.8 mm.) and have 
the pronotal marks smaller than usual, obtriangular, slightly emarginate anteriorly 
and well separated medially. Elytral marks normal for maculata, 

Coleomegilla maculata maculata var. confluens new variety 

One out of six specimens from Obidos is smaller than the others and has the black mark- 
ings of elytra confluent. 

Pronotal marks about the same as in the other Obidos specimens described above. Suture 
of elytra broadly margined with black from base to spot (i so that the usual four sutural marks 
are distinctly joined. Spot 1 nubilously conni‘cted with 2 -h 3. Mark 2 3 continuous and 

nearly even from side margin to suture, except at the middle behind it is triangularly dilated 
and extends back to join broadly with 4. Spot 4 narrowly confluent with 5. Spot 6 forming 
with fellow a transverse band that crosses the suture and reaches almost to side margins. By 
this coalescence a pale mark shaped like half an liour-glass is isolated at the base, and behind 
the middle an oblique pale streak is fully enclosed. 
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Described from one specimen (holotype) from Obidos, Amazonas, Brazil (H. 
Rolle), in Casey collection, U. S. National Museum. 

ColeomegiUa maculata maculata var. triangulifera new variety 

Differs from typical maculata in its rather smaller size, smaller pronotal marks and pecu- 
liar shape of the elytral marks. 

Prothorax pale yellowish or whitish, distinctly paler than the flesh colored elytra. Pronotal 
marks obtriangular, distinctly emarginate in front, well separated from anterior and lateral 
margins, and broadly separated from each other behind but coming close together in front. 
Mark V 2 of elytra large and lozenge-shaped, the suture behind it to mark 5 + being obscurely 
blackened. Spot 1 large but well separated from the others. Of mark 2 -|- 3 the component 
2 is relatively small and transversely lengthened to side margin. Component 3 large, triangu- 
lar, transverse in front and angularly extended behind between 4 and 5. Spot 4 large and 
narrowly separated from 5. Spot 5 large and broadly confluent at suture witli fellow. Spot 
6 transverse and reaching to suture where it joins with fellow. Marks 5 + 5 and 6 + 6 dis- 
tinctly joined by a black sutural line. Length, about 5 mm. 

Described from 2 specimens (holotype and paratype) Ciudad Bolivar, Venezu- 
ela, 100 ft., Nov. -Dec. 1929 (Ernest Holt), in U. S. National Museum. 

Another specimen with the same data is a typical maculata. 

ColeomegiUa maculata cubensis (Casey) 

Pronotal marks consolidated, broadly separated from anterior and lateral mar- 
gins and strongly emarginate in front medially. Elytral marks medium in size, 1, 
2 + 3, 4 and 6 well separated from each other. Component 2 sometimes separated 
from 3, or partially separated, or the two fused to form an oval mark, never reach- 
ing to side margin. Spot 5 and 6 fused more or less at sliture with fellow. Mark 
5 + 5, 6 + 6 and 4 about equal in size. Head strongly punctured. 

Represented in National Museum l)y s])ecimens from Cayamas, Santiago de las 
Vegas, Jobabo, Manati and Baragua, Cuba ; Haiti and Camp Perrin, Haiti ; and 
near San Pedro de Macoris, Dominican Republic. In American Museum from 
near Havana, 24 K. north of Vihales and 12.5 K. south of Pinar del Rio, Cuba; 
and La Morimiere, Haiti. 

The related ColeomegiUa innotata (Mulsant) is known from Puerto Rico. This 
is hardly more than an insular race of maculata. 

HIPPODAMIA Chevrolat 

TABLE OF AMERICAN SPECIES OF THE 13-PUNCTATA GROUP, 
BASED ON MALE GENITALIA 

1, Median lobe of tegmen with a rod-like, well-chitinized sublaminate process on each side 

from lateral margin of ventral wall 2 

Median lobe of tegmen shorter, slightly tapering from base to beginning of the last 
third, V where it is abruptly bent downward and rapidly tapers to acute apex, process 
froin Ventral wall on each side membranous, broad, thinly laminate and with a short 
acute apical point, ventral plates of the lobe ending apically in recurved rather 
slender points which cross each other and project on each side close to apex of lobe; 
paramera rather short, broad, ciliate on dorsal margin to the middle; sipho bent 
almost double near end of basal third, the part beyond abruptly and considerably 
thickened, becoming more compressed and dilated into a large triangular lobe on 
upper margin near beginning of apical tliird, the part beyond the dilation slender 

amerioana Crotch. 

1 ^ ^ White Fish Point, Lake Superior (Hubbard & Schwarz) 

2. Process on each side of median lobe of tegmen long and slender, ending opposite the 



51 


beginning of the last fifth of the lobe, and slightly hooked on outer side at apex; 
basal third of dorsal surface of median lobe with a triangular crest, with almost 
vertical side walls; lobe bent downward just beyond apex of triangular crest at 
angle of about 45°, slightly expanding in its apical fourth with the dorsal surface 
concave; apex of tlie lobe rounded, with a small blunt median point ; paramera 
rather long and broad, but narrowed toward base, the apex with a thin membranous 
margin; sipho abruptly bent near end of basal third, the part beyond slightly and 
fusiformly swollen, armed with a very small membranous lobe near beginning of the 

last eighth, the apical eighth slender falcigera Crotch 

1 $ , Hudson Bay (Hubbard & Schwarz collection) 

Process on each side of median lobe vertically laminate, finger-like, ending opposite be- 
ginning of apical third of the lobe; dorsal side of lobe with a very small triangular 
raised area at base, subdepressed beyond and abrujjtly bent downward at an angle 
of 45° a little beyond the middle; paramera broad and moderately long, narrowed 
only at extreme base; sipho bent almost double near end of second fifth of the length, 
much as in falcigera but less swollen in middle portion, and wdth the dorsal dilation 
near apex larger tibialis (Say) 


COCCINELLINA Timberlake 

TAIILE OF NEOTROPICAL SPECIES FORMERLY INCLUDED IN 


COCCINELLA 

1. Elytra immaculate fiavous or reddish 2 

Elytra marked with black 4 

2. Disk of pronotum black, with a white sjx)! on each side 3 


Disk of pronotum black, broadly bordered in front and on sides with yellowish white; 
anterior margin of black area of pronotum transverse in female, indented on each 
side in male; elytra red or tawny; rnesepimera white; legs black; length, 5.2 mm. 

fulvipcmiis (Mulsant) 

3. Pronotum bordered on sides and in front wdth white, the border narrow and nearly 

xmiform in width throughout; elytra reddish yellow or fiavous; rues- and metepimera 

white; length, 4 mm emarginata (Mulsant) 

White border of ])ronotum extremely narrow in front, distinctly notching the black 
medially, and much broader on the sides but constricted just beliind the middle by 
a blunt extension of the black area; inesepimera white; length, 3.3 to 4.8 mm. 

ecuadorica n. sp. 

4. Pj'onotum witli a pair of discal spots 5 

Disk of pronotum black, without discal spots 7 

5. Black marks of elytra not confluent with sutural vitta 6 

Black marks of elytra confluent with sutural vitta and dividing the surface into five 

pale areas: two basal, two median, and one apical; discal spots of pronotum elon- 
gate; pronotum margined with yellow in front and more broadly on sides; length, 

4.5 mm pciitii (Mulsant) 

6. Black sutural vitta dilated at the beginning of the first third and again angularly near 

apex; elytra each with two black discal marks, one on the callus, the other at two- 

thirds; length, 3.9 mm lucasii (Mulsant) 

Black sutural vitta angularly dilated a little behind the scutellum and near the apex, 
and curvilinearly contracted at the middle; elytra each wdth two large black marks, 
longitudiiially disposed on disk and often confluent; length, 3.9 mm. 

an cor a Us ( Germar ) 

7. Elytra red or yellowisli red, with three rounded yellowish white spots enclosed in a black 

circle; pronotum broadly yellowish white on each side, but the pale border constricted 
before the middle by a lateral extension of the black area; length, 4,5 mm, 

pulchella (Mulsant) 


Elytra not thus marked 8 

8. Each elytron pale around the periphery 9 
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Elytra with sutural margin and two transverse bands, black; first band broad, curving 
forward to callus, with a lateral spur directed backward, the hind margin of the band 
slightly behind the middle; second band strongly oblique and subapical, also with a 
backward-directed spur on its outer margin; pronotum black, with anterior margin 
narrowly pale, and lateral margins a little more broadly so; length, 4 mm. 

shanmyni n. si). 

9. Elytra each with two black marks or abbreviated bands, more or less distinctly con- 
tracted toward outer and sometimes confluent on inner side eryngii (Mulsant) 

Elytra black, but flavous around the entire periphery of each and marked with four 
somewhat rounded spots, one next to the scutellum, two a little before the middle 
and one subapical areata (Mulsant) 

Coccinellina emarginata (Mulsant) 

In the U. S. National Museum this species is represented by specimens from 
Mexico as follows: Dist. Fed. (J. R. Inda, R. Miller, J. Conradt) ; Mexico City 
(O. W. Barrett) ; Digna (A. L. Herrera) ; Jalapa (J. T. Mason) ; Tlalpam (R. 
H. Hay) ; Aguas Calientes (E. A. Schwarz) ; Sierra de la Ajusco (R. H. Hay) ; 
Tacuba, on beans (H. F. Wickham) ; Cuernavaca (E. G. Smythe) ; Cordoba (F. 
Knab) ; Amula, Guerrero, 6,000 ft. (H. H. Smith). From Nicaragua: Managua 
(A. D. Harvey) ; San Marcos (Baker). From Costa Rica: San Jose (M. Val- 
eris) ; Zarzero (Schild & Burgdorf) ; Tilaran, Guanacaste, 550 M. alt. ( P. C. 
Standley). Also from Tegucigalpa, Honduras (F. J. Dyer) ; Merida, Venezuela 
(S. Bricano) ; and Campa Santos de Salto, Argentina, in citrus grove (M. Kisliuk). 
In collection of the H.S.P.A. Experiment Station are specimens collected by F. X. 
Williams at Mera and Banos, Ecuador. 

The Argentine specimen is a little larger than usual, but not se|)ara1)le on the 
basis of a single specimen. 

Coccinellina ecuadorica new species (Plate II, Fig. 31) 

Similar to C, emarginata (Mulsant) but pronotum unequally bordered in front and on sides 
with white, and only the mesepimera, white. The male genitalia are distinctive. M(^dian lobe 
of teginen subdepressed, slightly convex above, about two and one-half time's longer than wide, 
widest close to the base, then tapering slightly to beginning of apical third, beyond which it 
is a little expanded and strongly curved upward. Apex obliquely truncate on each sid(', so 
that the margins meet in an angle of 90°, but angle a little rounded off. On dorsal surface 
on each side before the upturned part is a long line of hairs. Paramera straight, nc.'arly as 
long as median lobe, moderately broad, rounded at apex and cirrate on each margin. Sipho 
short, rather stout, and abruptly contracted close to apex into a short slender ])ortion. In 
C. emarginata the median lobe of tegmen is not so broad, regularly tapering from base to 
apex to form the outline of a very acute-angled triangle. Apical third upturned. Dorsal 
suface of basal part strongly tectiform, but the ridge narrowly creased in median line. At 
apex of tectiform part is a pencil, or short line, of hairs submedianly on each side. Paramera 
and sipho considerably slenderer than in ecuadorica^ but otherwise not much different. 

1 male, 2 females (holotype allotype and paratype), Huigra, Ecuador, 4000 
ft. (F. X. Williams), in collection of Hawaiian Sugar Planters' Experiment Sta- 
tion; and 2 males (paratypes), Cariamanga, Ecuador, on cotton (C. H. T. Town- 
send), in U. S. National Museum. 

Coccinellina shannoni new species 

Suggestive of C. petitii (Mulsant), and possibly only a variety of that species, but hick of 
diseal spots on pronotum is probably distinctive. Other characters as given in table. 

1 fetnale (holotype), Matucana, Peru (R. C. Shannon), in U. S. National 
Museum. 
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PSEUDADONIA NEW GENUS 

In general form and shape of the head, prothorax and elytra this agrees closely with 
Coccinella, having a broader form than in Semiadalia. In some respects it agrees with 
Semiadalia, as in the immargined base of pronotum, dilated tarsi and structure of claws, but 
differs in having the abdominal plates incomplete, the third antennal joint simple, j)ronotum 
more convex and wider behind the middle, mesosternum much more depressed, etc. 

Claws moderately long, with basal quadrate tooth. Legs hardly elongate, the tarsi dis- 
tinctly shorter than tibiae. First two joints of front and middle tarsi dilated in male, but 
rather less broadly than in other genera showing this character. Antennae with joints 3 to 8 
slender, cylindrical, the third about four times longer than thick and not dilated at apex as 
in Semiadalia and Ceratomegilla. Club rather elongate, enlarging from the base of ninth joint 
to the obliquely truncate apex of the eleventli. Sternal and abdominal plates well developed, 
the latter incomplete, with the line curving outward very close to the hind margin of the seg- 
ment and without oblique line. Mesosternum depressed, truncate in front with a raised margin. 
Middle coxae rather narrowly separated, the metasternal process narrowly rounded between 
them. Prothorax rather strongly convex, widest behind the middle, arcuate behind and not at 
all margined at base. Head well exposed. Form rather broadly oval, the elytra each hardly 
more than twice longer than wide. Epiideura of elytra horizontal and of ordinary width. 

Genotype : Pseudadonia chiliana n. sp. 

Pseudadonia chiliana new species 

Male — Head, under surface of body and base of pronotum black. Face with a broad trans- 
verse white band between the eyes. Mesepiinera and e])ipleura of prothorax white. Pronotum 
broadly white in front and at sides, the pale color reaching to middle in median line. Black 
basal area of pronotum strongly trilobed at apex, the two lateral lobes moderately wide, some- 
what tapering and directed slightly obliquely outward as well as forward, the median lobe 
much broader, rounded at apex but with a rather deep notch in the middle. At apex of the 
lateral lobes on each side there is an extension of the black color straight outward, which 
reaches half way across the white border (and which may possibly form a detached spot in 
some speciimms). Scutellum black. Elytra fulvous, unmarked. Labrum black. Slender inter- 
mediate joints of antennae pallid, but the base and club blackish. Outer margin of mandibles, 
whitish. Length, about 4.9 mm., width, about 3.8 mm. 

The genitalia show no particular close alliance to Coccinella or any of the genera with 
enlarged tarsal joints. Paramera broad, only a little shorter than median lobe of tegmen, 
about twice as long as wide, with outer margin straight, inner margin arcuate and ciliate 
from apex to the middle. Median lol>e depressed, rather broad, about three times as long as 
wide and ogivally rounded at apex. Sipho moderately long, abruptly but not strongly bent 
at the beginning of the last third, which is cylindrical, moderately tenuous and hardly taper- 
ing except very close to apex. 

Described from 1 male (holotype) from southern Chile (M. J. Rivera), in 
U. S. National Museum. 

TABLE OF AMERICAN GENERA OF COCCI NELLINAE WITH 


METACOXAL PLATE INCOMPLETE 

1. Epipleura of elytra horizontal and never much expanded 2 

Epipleura more or less inclined and descending externally or very broad . . . « 6 

2. Mesosternum depressed and truncate in front 3 

Mesosternum either convex or emarginate medially in front 5 

3. Metacoxal plate without an oblique line 4 


Metacoxal plate divided by an oblique line, which is very distinct and meets the bound- 
ing line very close to hind margin of segment; antennae short, the apical joint as 
long as wide; elytral punctures generally very fine and equal; form oval, or moder- 
ately elongate oval, and convex; pronotum always black with anterior corners and 
sometimes anterior border, pale Coccinella Linnaeus 
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4. Front and middle tarsi of male simple j form oval, moderately convex, elytral punc* 

tures very fine and equal; mesostermum sometimes slightly sinuate medially in 
front; pronotum black, with a narrow pale border in front and on sides and some- 
times with two discal spots Coccinellina Timberlake 

Front and middle tarsi of male dilated; form rather broadly oval, convex; mesosfcer- 
mum truncate in front, with a raised margin; black area of pronotum strongly 
trilobed Pseudadotiia Timberlake 

5. Mesosternum strongly emarginate medially; prostornal process broad and bicarinate, 

the carinae reaching forward t6 middle of segment; epipleura about as wide as 
space between middle coxae, which are rather broadly separated; metacoxal plate 
without an oblique line, antennae elongate, the apical joint much longer than wide, 
squarely truncate at apex; elytra with fine and strong punctures interspersed; 

form broadly oval and convex Anisocalvia Crotch 

Mesosternum convex and slightly sinuate medially in front; prosternal process slender 
and not carinate; epipleura more or less evidently furrowed, distinctly wider than 
space between middle coxae, which are close together; antennae elongate, the apical 
joint about as long as wide, longer than penultimate joint and slightly obliquely 
truncate at apex; elytral punctures more or less coarse, or if finer on the disk, 
having those on outer margin coarser; form more or less broadly oval and sub- 
depressed Mulsaniina Weise (Pseudocleis Casey) 

6. Epipleura of elytra very wide, obviously exceeding width of space Ixdween outer mar- 

gin of middle coxal cavity to outer margin of sternum; elytra with a broad ('xpla- 


nate margin 7 

Epipleura moderately wide, not or hardly exceeding width of space from middle coxal 

cavity to outer margin of sternum 8 

7. Elytra immargined on outer border; epipleura equalling or exceeding one-haif the 
width of whole sternum and strongly descending externally, mesosternum soim*- 


what emarginate in front medially; intercoxal process of first ventrite subtruncate 
at apex; oblique line of metacoxal plate subobsolete; large and orbicular, the elytra 

with a very wide explanate margin Mononedo (h-ot('h 

Outer border of elytra with a more or less evident raised margin; epii)leura and expla- 
iiate margin of elytra often not so greatly widened as in Motumeda ; intercoxal 
process of first ventrite roundtxl at aj)ex; oblique line of metacoxal platen either dis- 


tinct or nearly obsolete; otherwise much like Monaneda Neda Mulsant 

8. Scutellum depressed, level with surface of elytra 9 


Scutellum distinctly elevated above surface of elytra and declivous in front; antennae 
abruptly widened at the ninth joint, the first two joints of club produc(‘d into a 
tooth on inner side, the apical joint about as long as wide and produced into a 
broad truncate joint on inner margin ; mesosternum ratlier convex and emarginate 
medially in front; prosternal process expanding behind the coxal cavities; epi- 
pleura of elytra widest at end of first third, then gradually tapering to an acut(^ 
point behind; ealliis of elytra very prominent Pflina Mulsant 


9. Mesosternum convex; elytral punctures rather strong and close 10 

Mesosternum at most weakly convex between and just in front of middle coxae 11 


10. Mesosternum with a small obtuse emargination in front medially; prosternal process 

carinate on each side; oblique line of metacoxal plate meeting the bounding line 
very obliquely, so that the outer angle is very acute; elytral punctures moderately 
strong and unequal; last two antennal joints wider than long, the apical one trun- 
cate at ap)ex N eohar monla ( 'rotch 

Mesosternum truncate in front, or with a mere trace of an emargination medially ; 
metacoxal plate without an oblique line; apical joint of antenna quadrate, as long 
as wide, truncate at apex Rarmoiiimpis Oasey 

11. Prothoracie epipleura not foveate; antennae with club well developed 12 

Prothoracic epipleura with a rounded depression .on inner side anteriorly; antennae 

short, slender, gradually and only slightly increasing in thickness beyond the 
middle; the apical joint longer than wide and rounded at apex; mesosternum with 
a deep triangular emargination in front; metacoxal plate attaining hind margin 
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of segment; epipieura of elytra descending externally and slightly foveate to 
receive hind femora Coelophora Mulsant* 


12 . 


13. 


14. 


lo. 


Frons rather more than twice as wide as diameter of eye; eyes finely facetted, the 

inner orbits parallel 13 

Frons less than twice as wide as diameter of eye; eyes more coarsely facetted, with 

inner orbits more or less convergent behind 14 

Mesosternurn truncate in front, or at most slightly sinuate in middle; oblique line of 
metacoxal plate obsolete; form rounded, very convex; pronotum black, the anterior 
and lateral margins and two discal spots (often confluent with pale margin), 

whit(‘; elytra immaculate Cycloneda Crotch 

Mesosternurn rather strongly but obtusely emarginate; oblique line of metacoxal plate 
frequently distinct but incomplete; elytra finely or moderately strongly punctured, 
form broadly oval to orbicular, rather less convex than in Cycloneda ; pronotum 
pale with seven black spots forming an M (the mediobasal spot sometimes absent), 
or in melanic form black mth sides broadly pale; elytra maculated, or in melanic 


form black with a pale mark before the middle OUa Casey 

Frons distinctly exceeding diameter of eye, but less than twice as wide 15 


Frons no wider than diameter of eye, eyes a little more coarsely facetted than in 
Parancda; antennae moderately long; claws small, hardly longer than basal quad* 
rate tootli ; prosternal carinae reaching nearly to anterior margin of segment; 
mesosternurn less distinctly emarginate in front medially than in Parancda 

Eryilironeda new genus 


Type, Daulis riihlda Mulsant 

Elytra coarsely punctured, dark brassy green; pronotum red l»ecoming somewhat paler 
on each side; claws short, no longer than basal tooth; frons nearly twice as wide 
as diameter of eye; mesosternurn with a small obtuse emargination in front and a 
small fovea on the declivous front edge; oblique line of metacoxal plate incomplete 

Chloroneda. new genus 


Type, Cycloneda meiallica ('rotch 

Elytral punctures very fine; claws large, much longer than basal quadrate tooth; 
mesosternurn slightly emarginate in front and foveate on the declivous edge; frons 
posteriorly about one and one-half times wider than diameter of eye; elytra im* 
maculate; pronotum ])ale at sides, darker in middle, the dividing line between the 

two areas strongly arcuate and black Parancda Timberlake 

Type, P. viridcsre}r<^ Timberlake 


KEY TO COELOl^HORTNE CxENERA, LEASED ON MAl.E GENITALIA 


1. Sipho simpl(‘, or at most a little swollen Ixetween the middle and beginning of the last 

third 2 

Sipho stongly swollen at or beyond the middle and armed with a ])air of retrorse 
hooks or triangular membranous processes, originating.. near apex of the swelling 
from the ventral wall; or sometimes only slightly swollen l)ut having the lateral 
margins crenulated before the ventral processes 11 

2. Sipho of ordinary length 3 

Sipho extremely long and slender, somewhat tapering in apical i)art, the apex being 

moderately tenuous; median lobe of tegmen compressed, strongly so at its up- 
turned apex; its dorsal surface narrow, with a low median crest on the basal fifth, 
its apex in side view subtruncate and somewhat resembling the prow of a canoe; 
paramera almost contiguous at base, moderately armed, somewhat clavately en- 


larged at apex Tlctcrocaria new genus 


Type, H. papuana n. sp. (Laloki, Papua, F. Muir) 

3. Median lobe of tegmen more or less emarginate at apex 4 

Median lobe of tegmen acute or truncate at apex, never emarginate 5 


* Coelophora is not American, hut in the U. S. National Museum is a specimen from Central America, 
and the record is apparently authentic. The sixecies as I rememher, is 0. inaequalis var. 9-maculata (Pah.). 
It must have been introduced throug:h commerce. 
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4. Median lobe depressed, only slightly longer than wide, deeply emarginate at apex, and 

acutely angled on each side of the emargination (form resembling an old-fashioned 
bootjack and recalling that of SynharmonUif but the lobe much shorter, not turned 
upward at apex and much more deeply emarginate) ; paramera short and straight, 
as Jong as median lobe and well separated at base; sipho short, moderately stout, 
and having the apical tenth rather abruptly tapering to a fine membranous point 
Type, Coelophora guttata Blackburn Gyroearia Timberlake 

Median lobe about three times as long as wide, with a small notch at apex and the 
apex conspicuously turned upward; paramera similar being short and straight, but 
much more evenly rounded at apex ; sipho similar, but abruptly narrowed, its apical 
fifth being very slender and tapering to an exceedingly tenuous point . Oraop/o Mulsant 
Type, 0. cinctella Mulsant 

5. Sipho stout, with the two dorsal strands conspicuously twisted one over the other near 


apex 6 

Sipho slender, at least toward apex, so that the twist in the dorsal strands, although 

present, is not at all conspicuous 8 

6. Sipho without a constriction, the extreme apex more or less nuinbranous (sometimes 

expanding) between the two pairs of chitinized rods 7 

Sipho constricted at the twist in the dorsal strands, the part beyond being rather long, 
abruptly bent downward and then abruptly recurved in a sharp S-shaped fashion ; 
portion of vsipho basad of the twist broad and depressed nearly to the base ; median 
lobe of tegrhen depressed, nearly four times as long as wide, and arcuately taper- 
ing to the acute, somewhat upturned apex; paramera as long as median lobe, 


arched toward base and inserted moderately far apart Synia Mulsant 

Type, S, melanaria Mulsant 

7. Median lobe of tegmen elongate, but not narrow (a little more than four times as 

long as wide), tapering in the apical fourth, and with an abruptly and strongly 
upturned point, which is truncated at apex; ventral walls of median lobe meeting 
in the median line, but leaving a large oval opening for passage of sipho just 
before the upturned apex; paramera rather stout, as long as median lolx*, almost 

straight and cirrate on both margins nearly to the middle Caria Mulsant 

Type, C. dilatata (Fabricius) 

Median lobe narrow, elongate (about five times as long as wide), tapering to an acute 
point at apex which is just perceptibly and very briefly upturned ; dorsal surface 
of median lobe with a carinate median crest on middle third of length and some- 
what furrowed on each side of the crest, the two furrows uniting at basal <‘nd of 
crest and proceeding to the base; under surface of median lobe cn^sted on apical 
third, the sij^ho issuing basad of this crest ; paramera much as in Caria, but 
slightly arched and cirrate on inner margin only at apex and on outer side nearly 

to the base Cyphocaria Crotch 

Type, C. duvaucelii (Mulsant) 

8. Ventral wall of sipho not swollen between the middle and beginning of the apical 

third; median lobe of tegmen depressed 

Ventral wall of sipho having the membranous part bulged out between the middle and 
beginning of the apical third; median lobe of tegmen rather narrow and elongate, 
tapering triangularly to acute apex and subcompressed (deeper at base than the 
dorsal width) ; paramera as long as median lobe, nearly straight, rather slender, 
and cirrate at apex and on outer side to the middle or a little hejond . Lemnia Mulsant 
Type, Lemnia saucia Mulsant 

9. Median lobe of tegmen very acute at apex; sipho moderately long and slender 10 

Median lobe of tegmen about three times as long as wide, parallel-sided, but narrowed 

near apex, the latter strongly curved upward and truncate; paramera rather stout, 
nearly straight, not quite as long as median lobe, little thickened at apex and cir- 
rate on apical half and on inner margin nearly fp the base ; sipho short, moderately 
slender, abruptly narrowed near apex, and with the extreme apex membranous, 

slightly expanded and abruptly bent downward Protomria Timberlake 

I’ype, P. Timberlake 
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10. Median lobe of tegmen slender, acicular; paramera slender, arched, fully as long as 

median lobe and cirrate on both sides of the apical third; sipho moderately long, 

slender and tapering to a tenuous point at ai)ex Propylea Mulsant 

Type, P. Id-punctata (Linnaeus) 

Median lobe of tegmen somewhat more than three times as long as wide, the sides 
aubparallel in basal half, theu ogivally narrowed, with a short, slender, upturned 
process at apex; paramera as long as median lobe, rather slender, strongly arched 
and cirrate at apex and on apical third of outer margin; siplio much as in Propylea 

but not so tenuous at apex Spilocaria new genus 

Type, Coelophora bissellaia Mulsant 

11. Lateral margins of sipho not crenulated before the hooks or membranous processes. . 12 

Lateral margins of sipho crenulated before the processes by means of one or two pairs 

of broadly rounded protuberances; processes of sixdio membranous, apj)earing 
slightly retrorse as seen from above; x)ortion of siidio beyond })roce8ses rattier elon- 
gate and slender, abrux)tly bent downward at a slight constriction near its middle, 
the i>art beyond recurved and tai)ering to a fine point; the dorsal strands of apical 
})ortion of sipho twisted one over the other; median lobe of tegmen large, dejiressed, 
four or five times longer than wide, more or less ogivally x)ointed at ax>ex; under 
surface of median lobe more or l(‘ss carinate in median line on aj^ical third, th(‘ 
Carina ending basad at a more or less ])ronounced conical xnocess; paramera 
slender, more or less curved, reaching to ajjex of median lobe, and cirrate on outer 


margin as far as or beyond the middle Coelophora Mulsant 

Type, C. maeipiaUs ( Fabric ius) 

12. Median lobe of tegmen dej^ressed, with a broad dorsal surface 13 


Median lobe of tegmcm comiiressed, deep dorso-ventrally at base where it ajipears con- 
stricted in dorsal view, then either gradually tapering toward apex, as seen from 
side, or abruj)tly becoming d(>pressed on apical half, with the dorsal surface ovally 
expanded in that portion; ])aramera straight, slender, not enlarged at apex; sipho 
rather short and stout, cylindrical moderately swollen n(>ar beginning of apical 
third, with the dorsal strands separating at the swelling, and armed beneath with 
a pair of membranous or more or less chitinizt^d x)rocesse8; x)()rtion of sii)ho beyond 
the swelling tai)ering, slightly constricted close to apex, with the jiart beyond bent 
slightly downward, more membranous, but not at all tenuous; dorsal strands of 

aj)ical i)ortion of sipho inconsidcuously twisted Eocaria Timberlake 

Type, E. muiri Timberlake 

13. Median lobe of tegmen large, about three times, or more longer than wide, comi)ressed 

beneath; sipho Avith comj>aratively Aveak or membranous ])rocesses from ventral 

Avails at ajicx of swelling 14 

Median lobe of tegmen short and broad, not much longer than wide, strongly depressed 
above and beneath, and ogivally narroAved to a Aau-y short projecting point at apex; 
paramera longer than median lobe, moderately slender, slightly curA^ed and well 
sej^arated at their bases; sii)ho rather short, moderately' slender, cylindrical, more 
firmly chitinized than usual, Avith the separation of the component strands little 
apparent and Avith no evident swelling, but provided Avith a x)air of jArocesses near 
the beginning of the apical third, which are more or less chitinized and sometimes 

form large and conspicuous retrorse hooks Phrynocaria Timberlake 

Type, Coccinella congener Schbnherr 

14. Median lobe of tegmen having a dull, microscopically tessellate, softer area at base 

of dorsal surface; under surface of lobe wiih a strong medio-longitudinal crest 
formed out of two appressed lamina, which sejiarate for paesage of sipho, but fuse 
in apical fourth and as seen from side become obliquely truncate to apex of lobe; 
paramera approximated at base, strongly curved, somewhat expanded toward apex 
and having their broader side parallel to surface of median lobe; sipho more or 
less SAVollen, with the two dorsal strands distinctly indicated, and having a jjair of 
membranous processes from the ventral strands at the ax)ex of the swelling; por- 
tion of sipho beyond ventral i)rocesses slender and having an inconspicuous twist 
in the dorsal strands Bothroealvia Crotch 
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Type, B. alholineata (Schonherr) 

Median lobe of tegmen entirely firm and polished above ; sipho usually very strongly 
swollen; paramera more or less approximated at base, but soon spreading apart, 
their curvature more in a lateral plane instead of in a dorso -ventral direction as 
in Bothroiialvia, so that the flattened inner surface at apex of each is obliquely 
inclined to dorsal surface of median lobe; the parts otherwise much as in Bothro- 

calvia Microearia Ootch 

Type, M. mnlsanti (Montrou^ier) 


HETEROCARIA NEW GENUS 

Characters in general those of Coelophora Mulsant. Head as in Coelophora except that the 
frons is narrower and not greatly wider than width of eye. Proiiotum indistinctly margined 
on each side. Bisk of pronotum shallowly depressed or subfoveate on each side, close to lateral 
margin. Fovea of thoracic epipleura shallow, but reaching to the middle. Prosternal carinae 
reaching nearly to anterior margin, somewhat divergent behind, and the apex of the intercoxal 
process broad and rounded. Mesosternum weakly emarginate in middle of anterior margin, 
but the declivous anterior surface with a distinct pit to receive the prosternal process. Elytra 
as in Coelophora except that the lateral margins are definitely explanate, the disk somewhat 
furrowed just within the lateral margins, and the epipleura less strongly descending externally. 
Elytra with a distinct marginal bead on outer margin from base for about two-thirds of the 
length. Characters of the genitalia as given in table. 

Genotype : Heterocaria papuana n. sp. 

Heterocaria papuana new species (Plate II, Fig. 32) 

Form orbicular, strongly convex. Head and pronotum very minutely, weakly punctured. 
Elytra more evidently punctured, the punctures very fine and rather close, with larger, more 
or less pellucid punctures interspersed, but these mostly restricted to the submarginal furrow. 
Head and prothorax testaceous yellow, the front and middle legs concolorous. Basal margin 
of pronotum narrowly black on middle third, and the lateral margins very narrowly blackish, 
except anteriorly. Thoracic epipleura w’ith a yellowish wliite mark behind, this mark extend- 
ing on to the fovea. Sternum black, but mesepimera yellowish white. Hind legs blackish, 
except tibiae, tarsi and inner side of femora, which are somewhat more brownish than front 
and middle legs. Venter dark brown. Scutellum and elytra black, the epipleura with a broad 
yellowish white streak on basal half. Bisk of each elytron with eight testaceous yellow spots 
in four series: 3, 3, 1, 1. Spots of basal series largest, subequal in size, but differing in shape. 
Spot 1 oblique, nearly thrice as long as wide, situated between callus and margin. Spot 2 oval, 
except inner margin is nearly straight and anterior end pointed, placed just inside the callus. 
Spot 3 nearly circular and almost touching scutellum. Second series about half-way between 
the base and the mi<ldle of the length; the spots extremely unequal. Spot 4 subcqual to 1, 2 
and 3, transversely subquadrate and placed in the submargiiual furrow. Spots 5 and 6 small 
and inconspicuous, 6 on one elytron being nearly obliterated. Spot 5 about equal distance from 
suture and lateral margin and distinctly posterior to 4 and 6. Spots 7 and 8 in longitudinal 
alignment with 1 and 4, the line distinctly diverging from outer margin posteriorly. Spot 7 
placed just before the beginning of the last third of the length. Sx)ot 8 subapical, a little 
closer to the suture than to the outer margin, and somewhat smaller than 7, which is ax)proxi- 
mately one-half as large as 1, 2, 3 or 4. Length and width, nearly 5 mm. 

Described from 1 male (holotype), Laloki, Paixia, July, 1909 (F. Muir), in 
collection of Hawaiian Sugar Planters' Exi^eriment Station. 

SPILOCARIA NEW GENUS 

Form and structure much as in Coelophora Mulsaitt. Frons twice as wide as eye. Prono- 
tum slightly foveate on each side behind, close to margin. Fovea of thoracic epipleura large, 
rather deep, oval, extending a little beyond middle. Prosternal carinae a little divergent 
behind, close together and parallel in front, where they extend a little beyond the middle of 
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prosternum. Mesosternum strongly, angularly notched in middle of anterior margin. Lateral 
margin of elytra somewhat explanate, especially on posterior half, but elytra without any pro- 
nounced submarginal furrow. Marginal bead of elytra slightly wider and more distinct than 
in Coelophora. Epipleura of elytra as in Coelophora except that the subhorizontal apical por- 
tion reaches quite to apex of elytron (in Coelophora beveled off a short distance before the 
'apex). The minute punctures of pronotum a little closer and more distinct than those of the 
elytra. The larger, more or less pellucid punctures of elytra distributed about as in Coelophora. 
Characters of tlie male genitalia as given in ])receding table. 

Genotype : Coelophora bissellata Mulsant. 

OENOPIA Mulsant 

By original account Oenopia contained six species, of which two were placed in 
Fania, two in /JrrA’a, and two in Oenopia, s. str. Crotch in his Revision (1874) gave 
addicta as the type, but addicta was one of the species included under Fania. This 
seems to be an invalid type fixation, and I consequently suggest that O. cinctella 
Mills., should be considered as the type. O. cinctella was the first species included 
under Oenopia, s. str. 

PSYLLOBORA Chevrolat 

Then Mulsant should he included, as it shows no distinct departure from FsyF 
lob ora. The type of Thea has a somewhat different habitus from the American 
components, but in some of the other Old World species currently placed in Thea, 
the pattern of coloration is essentially the same as in American species. 

Casey (1899) provided a table to separate the species of the United States, and 
the new species then erected have been unjustly merged in the Leng Catalogue as 
varieties of F. 2()-macidata (Say). I here give a table of some of the North Ameri- 
can s])ecies, mainly for the purpose of showing their relationship and specificity. 
This table is liased on differences in the male genitalia. 


KEY TO NORTH AMERICAN SPECIES OF FSYLLOBORA, 
BASED ON MALE GENITALIA 

1. 8i})lio elongate, tapering from before tlie middle into a very long, tenuous ])ortion 2 

Siplio sliort, not tenuous at apex, altliougli sometimc's tapering to a needle-like point. . . 3 


2. Median lobe of tegmen depressed, about six times as long as wide, a little expanded 
asymetrically just before the apex, tlie margins tlien converging to an acute, slightly 
upturned jioint ; paramera slender, a little shorter than median lobe and almost per- 
fectly straight; sipho somewhat longer than the body of insect, abruptly tenuous 

from the beginning of the second third * fitO -mandat a (Say) 

Median lobe of tegmen similar to preceding, but narrower, more aciculate, not expanded 
near tlu' acute a^x'x, which is not or just perceptibly upturned ; pai*amera similar but 
more slender, slightly curved; sipho practically the same tacdata Leconte 


3. Sipho tapering to a needle-like point; median lobe of tegmen narrow and acicular 4 

Sipho compressed, becoming rather abrujitly thinner and cylindrical near the beginning 

of tlu? apical fifth and having a short membranous part at apex (1 

4. Sipho very short, tapering rather abruptly in apical part to a fine acicular point 5 

Sipho somewhat longer, very gradually tapering from the middle to a very fine point; 

median lobe of tegmen some eight or nine times longer than wide, subdepressed, 
esi^ecially toward apex, which is acute and very slightly upturned; paramera elon- 


gate, almost as long as median lobe, slender, a little widened toward their bases and 

almost straight parvinotata Casey 

5. Median lobe of tegmen finely acicular, cylindrical, tapering at apex into an acute rather 
strongly upturned point; paramera very slender, straight and somewhat shorter than 
median lobe renifera Casey 
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Similar to preceding, but median lobe of tegmen less slender, compressed at base, slightly 
obtuse at apex, which is only slightly upturned ; sipho a little longer . juvenca Timberlake 

6. Paramera broad, more or less narrowed toward base, or rather slenderly clavate 7 

Paramera moderately narrow, practically of the same width throughout, almost straight, 
and hardly more than three-fourths as long as median lobe of tegmen; latter about 
six times as long as wide, tapering nearly from the base to the acute apex, wliich is 


rather strongly curved upward luctuom Mulsant 

7. Paramera sublaminate, not clavate 8 


Paramera rather slender, nearly straight, except close to base and triangularly enlarged 
at apex; median lobe of tegmen about one-fourth longer than the paramera, with an 
elongate-oval, depressed, basal portion, tapering into a long slender upturned i)oint, 

which is laminately compressed IcoehelH Nunenmacher 

8. Paramera narrowed about one-third toward base; median lobe of tegmen about one- 
fifth longer than the paramera and nearly of the same Avidtli, convex above, rather 
abruptly narrowed at beginning of apical fifth into a slender, strongly upturned point 

borealis Casey 

Paramera somewhat shorter than in borealis, broader at apex and narrowed about one- 
half toward base; median lobe of tegmen about one-fifth longer than the paramera, 
shaped as in borealis, except that it tapers gradually to tlie acute apex, with a just 
perceptible constriction near beginning of the last fifth, the apex strongly upturned 
and distinctly laminately compressed deficiens Casey 

ILLEIS Mulsant 

Illeis cincta of authors proves to be decidedly composite and 1 restrict the name 
to material from Ceylon, the type locality being “India orientalist^ The segregates 
are extremely like /. cincta (Fabr.) and are not distinguishable with any certainty 
except by the male genitalia. Specimens of the cincta group have been seen from 
Los Banos, Luzon (Williams) and Java (Muir), but males are not available for 
study. 

The following table, based mainly on the male genitalia, will serve to separate 
the known species of Illeis: 

1. Elytra unicolorous testaceous, varying to creamy white and ferruginous 2 

Elytra testaceous or yellow with sutural margins, transverse band at base, irregular 
band at middle, and apical mark, black; median lobe of tegmen moderately wide 
and convex above at base, ogivally narrowed at middle, with the apical half slender 
and slightly curved upward, the extreme apex being just perceptibly expanded and 
subtruncate; paramera ligulate, curved downward at apex, slightly longer than 
median lobe; sipho slender, cylindrical, slightly tapering but ending in a minute 


oval expansion (Australia) galbvla (Mulsant) 

2. Under parts of body entirely pale 3 


Most of sternum, part of venter, coxae and femora, black; pronotum with two large 
black marks in the middle of the base, narrowly separated medially and reaching 
half-way to apical margin; median lobe of tegmen rather narrow, uniform in width 
to the rather abruptly upturned and truncate apex, as seen from above; in lateral 
view this lobe is considerably widened at base and thin at apex; paramera inserted 
close together, their bases somewhat laminately expanded and vertical, their apical 
portion slender, slightly curved downward ; sipho slender, cylindrical, tapering to a 
fine point at apex (1 $, Deli, Sumatra, Be Bussy) bistigmosa (Mulsant) 


3. Pronotum with two small basal black marks 4 

Pronotum entirely pale 8 

4. Sipho not bifid at apex 5 


Sipho subeylindrical, becoming a little slenderer and recurved in the apical sixth, the 
apex fligktly thickened and rather deeply bifid; median lobe of tegmen rather stout, 
tabular, almost as broad as base of tegmen, tapering from the middle into a slender 
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upturned point, paramera slender, almost straight except at base and slightly elavate 

at apex (Lahore, India) indica n. sp. 

5. Median lobe of tegmen moderately slender, more or less compressed at base and dis- 
tinctly curved upward at apex, except in cincta 6 

Median lobe of tegmen very slender, acicular, compressed at base, almost perfectly 
straight; paramera as in indica, except that they are much more curved; sipho 
slender, cylindrical, gradually tapering from the base, so that the apex becomes about 

one-half as thick as the base (Japan, Formosa, Szechwan) Icochclei Timberlake 

C. Median lobe of tegmen having the apex strongly curved upward and more or less de- 
pressed 7 

Median lobe of tegmen nearly straight, strongly, laminately compressed, tapering into 
a very slender acute apex, the base a little deeper than broad; paramera slender, 
gently arched; sipho practically as in confnm (Ceylon) cincta (Fabricius) 

7. Median lobe of tegmen subacicular as seen from above, tapering at apex into an acute 

upturned point, its base strongly compresvsed, thrice as deep as wide, its dorsal out- 
line strongly bisinuatc (gently arched in basal half and concave in ai)ical half) ; 
paramera slender, much as in indica, but longer and gently arched ; sipho as in indica 
except that it is not quite so slender and simple at apex (Hongkong) 

confusa Timberlake 

Median lobe of tegmen moderately stout, narrowed at beginning of apical sixth into an 
upturned point, compressed at base which is about twice as deep as wide, its dorsal 
outline arched in the basal third and gently concave beyond to apex; paramera 
shorter and stouter than in the preceding species, rather strongly curved near base, 
but otherwise straight; sipho much as in confnm, but longer (Chin-ling Mts., Shensi) 

shensiensis n. sp. 

8. Paramera stout, distinctly shorter than median lobe of tegmen; tlie latter broad, de- 

pressed, becoming narrower and subcompressed at bases about thrice as long as wide, 
the apex curved upward like the prow of a boat, with a short blunt projecting point; 
sipho about as in confnm (Amboina) mnhoincims n. sp. 

Paramera slender, ])erfectly straight and as long as median lobe of tegmen; the latter 
narrow, depressed, about four to five times as long as wide, and abruptly narrowed 
into an upturned ])oint at ai>ex; sipho nearly as in amhohiensis (huzoxi) .lu^onica n. sp. 

Illeis indica new species 

Like cincta, but distinguishable by the male genitalia having tlie sipho bifid at apex, the 
median lobe of tegmen ratlier stout, convex above, about as deep at base as broad, and with 
a short slender upturned j)oint at apex. 

Described from 1 ^,459 (holotype male and paratypes), from Lahore, India. 
November 1910 (R. S. Wogliim), in U. S. National Museum. 

Illeis shensiensis new species 

Like cincta, but larger and differing in the mah‘ genitalia as shown in aljove table. Length, 
5 to 6 mm. 

Described from 2 1 9 (holotype male and paratypes), from Chin-ling 

Mountains, Shensi Province, China, April-May, 1904 (Elliott Blackwelder), in 
U. S. National Museum. 

Illeis amboinensis new species 

Like ct 7 vcta except that it lacks the two basal black marks on the pronotum. Male genitalia 
as given in table. The paramera are comparatively short, straight, inserted close together, 
rather broad at base, sublaminate, tapering to the rather acute apex, and cirrate on their inner 
margin beyond the middle and at the apex. Length, 4 mm., width, 3.5 mm. 

Described from 1 ^ (holotype), Amboina, February 1908 (F. Muir), in col- 
lection of the Hawaiian Sugar Planters' Experiment Station. 




Fig. 1. Macronaemia episcopalis 

2. Cisaella furcifera 

3. Mulsantina picta 'minor 

4. Mulsantina picta minor 

5. Mulsantina picta minor 

6. Mulsantina mirifica 

7. Mulsantina mirifica 

8. Mulsantina mirifica^ var. lynx 


Fig. 9. Neomysia ohlongoguttata 

10. Paraneda viridescens 

11. Egleis hingi 

12. Mgleis delta 

13. Egleis edwardsU 

14. Egleis harronensis 

15. V crania flavovittata 

16. Protocaria soalaris 
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New Genera in This Paper New Species, Subspecies, and Varieties 

IN This Paper 


GoccinelHna 

Paraneda 

Protocaria 

Phrynocaria 

Eocaria 

Gyrocaria 

Menochilus 

Pseudadonia 

Heterocaria 

Spilocaria 

Erythroneda 

Chloroneda 


Neoniysia oblongoguttata caseyi 

Cycloneda polita flava 

Paraneda viridescens 

Protocaria scalaris 

Coelophora inaequalis comperei 

Bothrocalvia pupillata annectans 

Phrynocaria gratiosa flavoguttata 

Phrynocaria gratiosa palens 

Phrynocaria gratiosa nigrocincta 

Phrynocaria gratiosa koebelei 

Eocaria muiri 

Psyllobora jiivenca 

Illeis ainboinensis 

Illeis confusa 

Illeis indica 

Illeis koebelei 

Illeis luzonica 

Illeis shensiensis 

Coleoniegilla maculata lengi 

Coleomegilla maculata tibialis 

Coleomegilla maculata boliviensis 

Coleomegilla maculata confluens 

Coleomegilla maculata maculata triangulifera 

Coccinellina ecuadorica 

Coccinellina shannoni 

Pseudadonia chiliana 

Heterocaria papuana 
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Coelophora 31,55,57 

inaequalis 31,57 

inaequalia conqien'i 32 
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inaequalis 9-maculata 32 

veranioides 33 
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Artcunis circumusta 30 
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albolineata 33,58 

pupil lata 34 
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Cissella furcifera 16 


Cycloneda 23, 55 

munda 23 
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polita flava 24 

sanguinca 23 

Cypliocaria 30, 56 

duvaucelii 30,56 
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Coccinella 13,53 
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seriata decepta 46 
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Neda 26,54 
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cyanoptera 20 
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cinctella 56 

011a 24,55 

V-nigrum 24 

V-nigrum plagiata 24 

Paranaemia 9, 45 

vittigera 9 

Paraneda 24 

viridescens . 25 

Pelina 54 

Phrynocaria 34, 57 

congener 34, 57 

congener approximans 35 

gratiosa 35 

gratiosa davoguttata 35 

gratiosa koebelei 37 

gratiosa nigrocinota 36 

gratiosa nigrovittata 37 

gratiosa palens 36 
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Psyllobora 41,59 

borealis 42,60 

deficiens 42, 60 
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luetuosa 41, 60 
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Synonycha grandis 40 
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Sugar Prices 


96” CENTRTPIIGALS POE THE PERIOD 
SEPTEMBER 16, 1942, TO DECEMBER 15, 1942 


Date Per pound Per ton Remarks 

Sept. 16 - Dec. 15, 1942 :(.74<f $74.80 Pliilippines 
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Aconitic Acid, Calcium and Magnesium Aconitates 
in Sorgo and Sugar Cane Products 

By H. A. Cook 

The presence of aconitic acid in the juices of sugar- producing plants and in 
the products of sugar nianufacturc has been demonstrated qualitatively by many 
workers. Aconitic acid, its salts and derivatives have a commercial interest and 
value in the manufacture of plastics and plastici::ers and they have been mentioned 
as having a bearing on some of the difficulties experienced from time to time in pan 
work and in the subsequent centrifugal separation of sugar crystals in sugar nianu- 
facture. A rei’icw of the available information on the subject is presented as a 
matter of local interest. 

During a recent review of the literature in reference to problems and develop- 
ments of jiarticular importance to the sugar industry, a number of interesting refer- 
ences were found. Some of these references may have significant bearing on local 
])roblenis in our own factories. Some of the references to research work showed 
revived interest in organic lime salts in sugar-liearing juices, particularly in aconitic 
acid and calcium and magnesium aconitates. 

Aconitic acid, its salts and derivatives have a commercial interest and value in 
the manufacture of plastics and plasticizers and they have been mentioned as having 
a bearing on some of the difficulties ex])erienced from time to time in pan work 
and in the subsequent centrifugal separation. 

In view of these facts, the available information on the subject has been re- 
viewed and brought up to date and is presented herewith as a matter of local interest. 

The ])resence of aconitic acid in the juices of sugar-producing plants and in 
the [products of sugar manufacture has l^een demonstrated qualitatively by many 
workers, but no very definite account of this compound in sugar juices or products 
has been taken until a recent publication by McCalip and Seibert (5) who made 
quantitative determinations of it in the sediment and scales of evaporators and pans 
and of its concentration in Louisiana final molasses. Behr (2) found it in molasses, 
in muscovado sugar, and in cane juice. Parsons (7) detected it in sorgum juice 
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from which, upon the addition of lime, the calcium salt separated on heating sur- 
faces as a buff -colored, tenaciously adherent scale. Yoder (13) and Zerban (14) 
isolated aconitic acid from Louisiana sugar cane juice, and the former stated that 
it is the predominating organic acid in the juice. From the data he presented it 
may be calculated that he obtained approximately 0.3 per cent on the basis of dry 
solids. Taylor (10) found it in both healthy and diseased cane, and described the 
delicate color reaction it gives with acetic anhydride, a reaction which is charac- 
teristic, and was later modified by Furth and Herrmann (3). Both Taylor and 
Yoder noted that the calcium salt is less solul^le in hot water than in cold. Prinsen 
Geerligs (8) found that a deposit centrifuged out of Cuban molasses contained a 
high percentage of calcium aconitate. Tanabe (9) recently found that aconitic acid 
accounted for 90 per cent of the total acid extracted with ether from a large quan- 
tity of juice from the cane variety POJ 272vS. His recovery of aconitic acid may 
be calculated as roughly 0.1 per cent of the total solids. Nelson (6) isolated from 
Puerto Rican final molasses 0.8 ])er cent of aconitic acid, calculated on sample 
(equivalent to approximately 0.9 per cent on solids). Von Lippmann (11) found 
aconitic acid in sugar-beet products, and Beath (1) and others noted its occurrence 
in several species of native Delphinium and Aconitum. 

Identification of the acid by these investigators was mainly througli its lead, 
zinc, and silver salts. Reid (4) and coworkers described its p-nitrobenzyl and 
phenaacyl esters. 

The first reference to actually accredit interference to ])an and centrifugal op- 
erations to these compounds was in a report by Ventre (12) : 

In the present investigations, it was found that three constituents of the juices ])esides the 
sucrose content were directly concerned with its crystallization, vis., starch, reducing sugars 
and salts of organic acids. ... 

Some of the above prepared starch-free syrui)s were still found hard to work. 

. . . crystals formed at a concentration below the degree of supersaturation necessary for 
sucrose crystallization. These crystals continued to grow until they reached a ^ ^ smear size 
and then stopped growing. When sucrose crystals were subsequently formed, these crystals 
remained as a “smear. They appeared to be lighter in density than the sucrose crystals as 
they came to tlie center of the centrifuge forming an impervious film preventing the inassecuite 
from spinning. 

...if the evaporator sirup was heated to 100® C. these crystals formed and readily settled 
to the bottom. After six to ten hours ^ time, as much as 10 pounds of this material per ton 
of cane could be separated of the consistency of wet sand. Analysis of this material indicated 
that it was mainly calcium aconitate with* a small amount of magnesium aconitate. 

The subject received extensive study by McCalip and Seil)ert (5) : 

The cream'Colored sediment occurring in sirup and first and second molasses tanks during 
recent years in certain areas of Louisiana was studied and found to consist principally of cal* 
cium aconitate. The sediment was analyzed, and a method of separating aconitic acid from 
it and from related materials and of purifying it are described. 

Befinery pan and evaporator scales were analyzed and found to contain aconitic acid. A 
simple test for the detection of aconitic acid in sediments and scales is described. 

The aconitic acid content of sirups made without ehemical clarification from juices from 
two different types of cane grown in different localities was determined and found to range 
from 0.75 to 1,S3 per cent on solids. Two samples of Louisiana final molasses were analyzed 
and fou^ to contain 1.80 and 2.52 per cent aconitic acid. 
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No reference or correlation was m^de between these results for aconitic acid 
and the workability of the syrups or molasses. However, they referred to the pos- 
sibility that : 

. . . sugar cane juice may prove a convenient natural source of aconitic acid, the industrial 
development and utilization of which has been limited because the most convenient source here- 
tofore has been the dehydration of citric acid. The opening up of such a natural source will 
stimulate study of this acid, which is a derivative of both succinic and fumaric acids, and of 
its derivatives, many of which may readily be converted into inahdc acid derivatives. Succinic 
and maleic acids and their derivatives are valuable intermediates in the manufacture of plastics 
and plasticizers. 

H. P. Kortschak, of the Experiment Station staff, recently examined twenty 
samples of Hawaiian final molasses for insoluble crystals and reports as follows: 

Twenty samples of molasses were examined microscopically for crystals insoluble in water. 
These were found in all but three. They were absent in one sample each from Ewa and Kohala. 
One Waimanalo sample was doubtful. Insoluble crystals were found in molasses from the 
following plantations: Honolulu Plantation, Ilamakua, Honokaa, Kaiwiki, Koloa, Lihue, Maui 
Agric., Paauhau, Waianae, Wailuku, Waimanalo, Waimea, and Oahu. 

A sam])le from Maui Agricultural Company contained 32 gins, of white crystals per liter 
separated with the super-centrifuge. Analysis showed them to consist mainly of a calcium 
salt of aconitic acid. 

The presence of these compounds may possibly account to some extent for 
“scum” which is not infrequently observed in our centrifugals and at times is the 
cause of some difficulty in low-grade work. If it is ])resent in our products in 
apprccial)le amounts at times, it may also have some commercial j)ossibilities. This 
reo])ens a field of investigation that may be worthy of study. 
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Depth of Planting Cane Affects Germination 


By R. J. Borden 

The depth of soil that ts used in covering cane seed can influence not only the 
genninotion and establishment of the ^'stamV of cane but also the development of 
the crop during its early grozvth stages. Furthermore the results are not always 
similar zvhen different depths of planting are used zvith different cane varieties or 
in different soils. 

The accompanying set of photographs, taken at two, four, and six weeks after 
planting single-eyed seed pieces of three cane varieties at various depths in small 
pots of two different soils, offer visible evidence of the germination and initial 
growth differences which resulted from these several differentials, and suggest that 
these growth variations which are established early may be greatly magnified later 
on if the faster-starting stalks are in a position to shade out the slower ones. The 
data in Tables I and II support this photographic evidence. 

The ])rincipal objective of this skirmish test (A-105 — No. 159) was to note the 
effect on germination and the average rate of spindle emergence from cane seed 
covered by various depths of soil. Two soils were used : (1) an alluvial clay loam 
of nut-like structure from ]\Iakiki, and (2) a residual silty loam with an excellent 
granular structure from Manoa. Three cane varieties were included : H 109, 
31-1389, and 32-8560. 

Prime toji-seed pieces were cut from variety ])lantings at Makiki which were 
conijxirable in age and condition. Careful selections of com])arable single-eyed 
cuttings were subsequently made from these seed pieces and their ends were imme- 
diately dip])ed in Cere.san to ])rotect them against rapid decay. After su])plying 
botli soils with ])hosphate, four of these cuttings were ])laced in each of eight small 
jKjts and covered either one inch, three inches, or five inches ; thus a total of 32 
eyes were i)lanted for each treatment. All pots of soil were then wet to their field 
ca])acities and placed on cars which were run under glass shelter at night and during 
heavy rains. 

Daily records were made of spindle emergence and from these the percentages 
of germination and the true average numher of days for emergence were calculated. 
These data are summarized in Tables I and II. 


TABLE I 

PER CENT GERMINATION 

MAKTKI SOIL MANOA SOIL 

f Dej)!!) of oover ^ / Depth of cover n Variety 

Varieties 1" M'' 5" 1" a" 5" average 

H109 81 84 0 97 88 00 68% 

31- 1389 100 95 44 100 95 100 88% 

32- 8560 100 97 50 100 100 50 83% 

Average 94% 92% 31% 99% 94% 70% 

Average for soil: Makiki — 72% Manoa = 87% 


Average for depth of cover: At 1" = 96% At 3" = 93% At 5" = 51% 
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TABLE II 

AVERAGE DAYS TO EMERGE FROM SOIL 


MAKIKI SOIL MANOA SOIL 

, Depth of cover-' — ^ /- — Depth of cover ^ Variety 

Vatietieg 1" 3'^ 5" 1" 3" 5" average 

H109 11.5 17.6 .... 10.6 15.8 16.8 14.5days 

31- 1389 7.8 10.1 26.5 6.6 9.6 11.5 12.0 days 

32- 8560 10.0 12.7 19.5 8.6 11.0 18.0 13.3 days 

Average 9.8 13.5 23.0 8.6 12.1 15.4 

Average for soil: Makiki = 14.4 days Maiioa = 12.0 days 


Average for depth of cover: 1'' = 9.2 days 3" — 12.8 days 5" — 18.5 days 

Several facts seem to be quite clearly shown by these data in Tables I and II : 

1. Except for the variety 31-1389 in Manoa soil, a covering of five inches of 
soil was responsible for a greatly reduced percentage germination. Differences 
between coverings of three inches and one inch were not highly significant. 

2. Germination was significantly better in the Manoa soil. (Note: The Manoa 
soil has a more porous open structure which gives it better aeration than the Makiki 
soil.) 

3. In all comparisons the 31-1389 seed gave a higher percentage germination 
than H 109 seed of comparable age and quality. Seed from 32-8560 germinated 
better than H 109 except when planted five inches deep in Manoa soil. Differences 
in the per cent germination between 31-1389 and 32-8560 were not significant 
except on Manoa soil with five inches of cover. 

4. Depth of covering the seed had a very significant effect on the average num- 
ber of days before the spindles emerged from the ground. Spindles from seed 
covered three inches appeared three days later than from seed planted one inch deep 
and when five inches of soil covered the seed, still another six days (for a total of 
18 days) were required before they “broke ground. “ (Under wet soil conditions, 
rapid decay of the seed piece could take place within this average 18-day period.) 

5. Seed of all varieties, regardless of depth of cover, germinated in fewer days 
when planted in the Manoa soil. 

6. The 31-1389 shoots appeared earlier than 32-8560 except on Makiki soil 
when covered five inches. H 109 was slowest except on Manoa soil with five inches 
of cover. However, H 109 seed failed to germinate at all on Makiki soil when 
covered five inches. 

To sum up : the percentage of seed-piece eyes which germinated and the aver- 
age number of days needed for their emergence was influenced by their depth of 
soil covering, and five inches of cover produced undependable and usually unsatis- 
factory results. Thus a uniform and shallow covering should give us best results 
when cane is planted on either irrigated or naturally moist soils. 
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A Recent Immigrant Tachinid Fly Parasite of 
Noctuid Caterpillars in Hawaii 


By R. H. Van Zwaluwenburg 

The presence is noted of a recently arrwed fly on Oahu zvhich parasitizes a 
number of different kinds of destructive caterpillars, among them the corn-ear 
zoonn. In the laboratory it bred readily on the nut grass armyworm also. The fly 
has a wide range in continental North America and in the West Indies, and evi- 
dently arrived here by chance imthin zvormy tomatoes imported from Mexico, Its 
introduction was unsuccessf ully attempted in 1923. The fly has an unusually brief 
life cycle, and the female, instead of laying eggs, deposits nearly mature maggots 
zinthin the body of its victim. 

In April 1942 a fly, new to the Islands and belonging to the family Tachinidae, 
was seen for the first time in the field on Oahu. C. E. Pemberton and the writer 
noticed considerable numbers of what were at first taken to be somewhat over-sized 
individuals of the sugar cane beetle borer parasite, in a potato field adjacent to cane 
at Waialua Agricultural Company. Closer examination of the specimens showed 
them to 1)e identical with a s]:)ecimen bred in Honolulu by Dr. F. X. Williams in 
March 1941 from a caterpillar in a tomato, probably from Mexico, purchased in the 
local market. Dr. Williams identified it as Eucclatoria arniigcra (Coquillett). Addi- 
tional specimens were later found among unidentified material collected for intro- 
duction into Hawaii by H. T. Osborn from the state of Vera Cruz, Mexico, in 1923. 
Os1)orn’s shipments were all dead upon arrival in Honolulu, due to the very short 
life cycle of the fly. It is presumed that the fly became established through the ar- 
rival of individuals in imported tomatoes, like the specimen which Dr. Williams in- 
tercepted. Incidentally this is a good examjde of how immigrant insects succeed in 
arriving here from distant places. Had Eucclatoria been an undesirable insect it 
would have been a successful evasion of plant quarantine precautions ; that the spe- 
cies happens to be a welcome addition to the fauna is fortunate. It is not known, of 
course, how long this fly has been established here, but from its abundance when first 
found in the field, it may well have been several years. As suggested above, it some- 
what resembles the Ccromasia parasite of the sugar cane beetle borer (see Fig. 1) ; 
however, it is slightly larger, measuring from about 6 to 8 mm., or ^4 to Ys inch in 
length. 

E. armigera was first described by Coquillett in 1889 (4, p. 332) from material 
bred from the corn-ear worm, Heliothis armigera (Hubner), in Los i\ngeles, Cali- 
fornia, under the name Tachina (Mask era) armigera. It has since been variously 
placed in the genera Lydella, Blondelia, Anetia and Frontina. Townsend in 1909 
(8, p. 249) assigned it to a new genus, Eucclatoria. 

Besides the corn-ear worm, this fly has several other hosts, mainly among the 
moth family Noctuidae. Osborn (6, p. 150) found Cirphis latiuscula (Herr.- 
SchflF.) so heavily parasitized by what later proved to be this fly at El Potrero, Vera 
Cruz in July and August, that very few reached the adult stage. He says: ‘'From 
the rapidity with which it overtook a threatened outbreak of the Cirphis it seemed 



Fig. 1. Dorsal view of adult inak* Euvdatoria armigcra (Coq.). (XI 2) (Drawn by .1. T. 
Yamamoto.) 

to me as possibly the most ])romising of the ])arasites ol)served on the armyworm in 
Mexico.'’ Blanchard and Conger (2, p. 1065) ])red this dy in California from larvae 
of Prodcnia praefica Grote, an important pest of alfalfa and other field croi)s. ]h*u- 
ner (v5, p. 96), crediting Cardin, records rearing E. armigcra from Laphygma frm 
gipcrda (A. & S.) in Cuba. In May 1942 E. C. Zimmerman first reared it from the 
garden looper, Plusia chalcifcs (Esp.), feeding on foliage of Spafhoglotfis orchids 
in Honolulu. Subsequently it was found to ])arasitize this insect commonly; (), H. 
Swezey found that of 41 Plusia caterpillars collected at Ewa in December, about 
36 per cent were parasitized by it. In the laboratory we have reared it without diffi- 
culty from half- to full-grown larvae of Laphygma exempta (Walker), the nutgrass 
armyworm, as well as from Heliothis. Attempts to induce parasitism of Pieris rapac 
(Linn.), cabbage butterfly larvae, were unsuccessful. 

Greene’s record (5, p. 43) of E. armigcra bred from a sawfly larva, Neodiprion 
sp. in Georgia, shows that this fly does not entirely confine itself to moth caterpillars. 
Sawflies are members of the hymenopterous family Tenthredinidae ; they are not 
represented in Hawaii. Wilson (11, p. 13) records a related fly, Eucclatoria rubem 
tris (Coq.)> parasitic in Laphygma cxiguci (Hiibner) in Florida. 

B^ause armigcra has such a number of hosts among the generally destructive 
noctuids, it gives promise of considerable value under Hawaiian conditions. Should 
it take as readily to Laphygma in the open as it does in the laboratory, much may be 
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expected from it in control of the nutgrass armyworm. The fact that it attacks a 
species of Prodenia in California makes it reasonably certain that if Prodcnia litura 
(Fab.), a general pest of major importance in the Pacific, should ever become estab- 
lished here, we shall have on hand a parasite to combat it. 

E. armigera has the following wide range: California, Georgia, P'lorida, Texas 
(1, p. 943) and eastern Mexico on the mainland of North America, and Cuba and 
Puerto Rico (12, p. 353) in the West Indies. So far its establishment in Hawaii is 
certain only on Oahu, but small colonies have been sent to central Maui where the 
fly should become established with little difficulty. 

Instead of laying eggs as most flies do, the female Eucelatoria deposits nearly 
mature larvae, or maggots, within the body of its victim, piercing the body with a 
highly specialized larvipositor (see Fig. 2). This mechanism (the “sternotheca” of 
Townsend) is a heavily chitinized, curved, thorn-like organ, widened toward the 
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Fig. 2. liatcral view ot* larvipositor of fomale E, armigera; only a small j)ortion of tlio low- 
er curve (below a line drawn from A to B) is normally visible. For this illustration all the con- 
cealing structures have been removed. (Drawn by J. T. Yamamoto.) 

base, and flattened and channelled on its outer curve. A small flap, or valve, overlies 
the channelled portion at the base, and the maggots are extruded from between this 
valve and the main part of the larvipositor. The process of piercing the integument 
of the caterpillar and de])ositing the maggot within takes place with extraordinary 
swiftness, and consists of a “flashlike dart at the host. The fly no sooner makes this 
dart than she is away again, yet during this l)rief fraction of a second the act of sub- 
cutaneous larviposition has been accomplished.’' (9, p. 90). When through feeding 
within the host, the maggot leaves the l)ody of its victim and enters the soil to form 
a puj)arium, or pupal case. Caterpillars that have Ijeen pierced can usually be identi- 
fied by the dried discoloration of the body fluids issuing from the puncture. Para- 
sitized Laphygma larvae suffer complete collapse, sometimes within a day of being 
stung. Heliothis and Plusia, however, continue active and apparently normal for 
sometimes as much as five days after attack. 

Townsend (7, p. 117) lists five different methods of reproduction among flies of 
this family: (1) host-oviposition ; (2) leaf-oviposition ; (3) su]>racutaneous host- 
larviposition ; (4) subcutaneous host-larviposition ; and (5) leaf-larviposition. With 
the advent of Exicelatoria we now have, among the seven tachinid flies in Hawaii, 
examples of four of these five methods, as well as still another in the case of Cero- 
masia: 
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Frontina archippivora Williston 
Leucostoma aterrima Williston 
Leuoostoma atra Townsend 
Chaetogaedia moriticola (Bigot) 
Etwelatona armigera (CoquilJett) 
Archytas eirphis Curran 

CeromaHa sphenophori (Villeneuve) 


Eggs laid on host 

Eggs laid within host (coreid bugs of the genus 
Corizii^) 

Eggs laid on foliage, to be ingested by the host 
Maggots deposited within host 
Maggots deposited on foliage frequented by 
host 

Maggots deposited loosely within tunnel of 
sugar eane beetle borer 


The life cycle of Eucclatoria is very short, much shorter than that of any of the 
other species listed above, with the possible exception of Leucostoma on which little 
information is available. Even during the winter months Eucclatoria can complete a 
generation in less than three weeks. From larviposition to the emergence of flies of 
the next generation took from 12 to 13 days during January and February. Females 
were able to larviposit six days after emergence. Thus even in winter the entire life 
cycle takes from 18 to 19 days ; during warmer parts of the year this may be expected 
to be somewhat reduced. Newly emerged flies mated within eight hours or less. 

From 176 rearings of laboratory-bred Eucclatoria it appears that the proportion 
of sexes is very nearly equal : 86 males and 90 females. 


Days from larviposition to omcrgeiK'C 

of adult fly 

Days spoilt by maggot within caterpillar 
Days in puparium 


Rearc'd Jan. 20-Fob. 7 Roared Fob. 11-Mar. 7 
Avg. moan temp. 72.9° F. Avg. moan tomp. 09.1° F. 


39 males 

40 females 

47 males 

50 females 

12.0 

12.2 

12.9 

13.2 

4.3 

4.0 

4.2 

4.0 

7.6 

H.2 

8.6 

9.2 


F'eniales required a slightly longer pupal period than males did. Males spent a 
somewhat longer time within the host than females ; this feeding pericxl was aliout 
the same irrespective of temi)eratures outside the host. However, the piqial period 
was prolonged by cooler temperatures, with a corresponding lengthening of the total 
period from larviposition to emergence. 

The largest number of flies developing from a single caterpillar under field con- 
ditions was nine in the case of a Plusia larva. This number varies with the size of 
the host, and perhaps also with the number of flies present in the field and the num- 
ber of caterpillars available. Concerning Eucclatoria ])arasitizing Cirphis in Mexico, 
Osborn (6, p. 150) says: “. . . several may develop in a single host. Occasionally up 
to five or six may be obtained, although many caterpillars have only one, and the 
average [is] probably not over three or four.’' If a larva is exposed to too many 
flies, super-parasitism may result, that is, more maggots (14 in the case of one 
small Plusia larva) are deposited than can develop. The results of breeding with 
Laphygma larvae in the laboratory were as follows : 

31 caterpillars (Jan. 20--Feb. 7) produced 39 males and 40 females, or 2.5 flies per larva. 

34 caterpillars (Feb. 11-Mar. 7) produced 109 puparia (3.2 per larva) from which issued 
47 males and 50 females, or 2.8 flies per larva.* 

As a rule the more flies developed per larva the smaller their size, although the 
size of the host also is a factor, of course. Flies from a five-puparia lot bred from a 


* To make ol^wervation easier, no soil was present in the containers in which the maggots 
pupated; had paparia been formed under more nearly natural conditions the percentage of 
successful eniergenees might have been higher. 



85 


last-stage corn-ear worm were larger than those from a lot of equal number reared 
from a last-stage nutgrass armyworm. Of 32 Laphygma larvae: 


7 produced 1 fly puparium each 

8 produced 2 fly puparia each 

6 produced 3 fly puparia each 

1 produced 4 fly puparia each 

8 produced 5 fly puparia each 

2 produced 8 fly puparia each 

I.. R. Smith of our Agricultural department has examined the following data 
and found them to have stativStical significance. They show an inverse ratio between 
the number of Eucclatoria maggots in a single larva, and the length of time spent by 
the maggots within the host: 


No. of flies produced 
per host Jarva 
1 (7 examples) 
2(8 “ ) 
3(0 ) 

4(1 ) 

0(8 << ) 
8(2 ) 


Days spent within 
host larva 
0.4 
0.0 
0 . 0 
4.0 
.3.0 


Nearly mature maggots were several times observed to extrude the caudal end 
of the body through a l)reak in the skin of the host. After some minutes thus ex- 
])osed they would retreat into the host again. The maneuver suggests a method of 
res])iration, the res])iratory spiracles being situated on the posterior end of the mag- 
got’s body. 

Under lal)oratory conditions, fed on brown sugar and water, the maximum length 
of life of male Eucclatoria was between 17 and 18 days. Reproductive females 
lived a maximum of from 17 to 18 days, while one female, presumably mated, but 
sterile, lived for ,30 days. 

The maximum productiveness noted was 42 puparia each in the case of two fe- 
males ; the potential productiveness is certainly much higher. According to Town- 
send ( 10, p. 49) Eucclatoria has a ca])acity of 1(X) to 200 maggots. Of 11 females 
confined with males and having almost daily access to caterpillars for larvijwsition, 
only three rei)roduced in the laboratory : 

Ecuialc B — lived from 17 to 18 days; when 12 days old parasitized a Laphyguia 
larva, the only one successfully parasitized by this female ; one puparium and a male 
fly resulted. 

Ecmalc C — lived from 15 to 16 days; first parasitized two of three Laphygma 
offered, when six days old ; parasitized ten Laphygma and one Heiiothis on nine dif- 
ferent days, the last when the fly was 14 days old ; five Laphygma oflFered it were not 
attacked. This fly produced 42 puparia from which 16 males and 20 females issued. 

Female E — lived from 13 to 14 days; first parasitized two of three Laphygma 
offered, when six days old ; parasitized one Heiiothis and nine Laphygma on seven 
different days, the last when the fly was 12 days old ; two Laphygma offered it were 
not attacked. This individual produced 42 puparia from which 19 males and 19 fe- 
males issued. 

Several of the apparently sterile females stung Laphygma larvae so severely that 
they soon showed the collapse typical of parasitized individuals, but no flies resulted. 





87 


As early as the fifth day after emergence female flies showed interest in Laphygma, 
and a few flies of that age attacked larvae. It is doubtful if maggots were actually 
deposited by five-day-old females ; no reproduction was obtained in such instances. 

Townsend (10, p. 49) states that the uterus of Eucelatoria is “in 3 or 4 coils or 
loops with the eggs and maggots obliquely on end in single or double file. . . Ex- 
amination of fresh material showed the eggs at the upper end of the tubes to be 
obliquely placed at about a 45-degree angle ; as they progress downward the eggs 
develop into maggots, which gradually assume a longitudinal position with the caudal 
end downward. The eggs as described by Townsend (9, p. 88) are “stout sub- 
cylindric, rather elongate, slightly tapered at ends, chorion membranous and trans- 
parent.” The maggots are “stout subcylindric, white, with more or less complete 
transverse spine rows, the spines more numerous on ventral surface and the fourth 
segment more extensively spined than the others, the last segment tipped dorsally 
with 3 short, .stout, hooked spines.” 

The vSex of Eucelatoria flies can be distinguished with little difficulty: (1) the 
space between the eyes (see Fig. 3) is relatively wider in the female than in the male, 
and the setae, or hairs, on the up])er part of the front are arranged in a double row 
in the female, in a single row in the male; (2) the intermediate segments of the un- 
derside of the female have, along the middle line, a strongly spined carina, or ridge ; 
this is absent in the male, which has two more or less rounded, readily visible lobes 
on the posterior margin of the fifth ventral segment (see Fig. 4). 
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The Production of Sorgo Sirup and Sugar 


By H. A. Cook 

Sorgo cane is considered to possess very desirable agronoinical characteristics ; 
it matures iwry quickly and can be groim over unde areas in the United States. 
Crystallization of sugar from sorgo juices has been a very difficult problem and 
much research has been conducted tozvard that end for many years. During recent 
years research carried on largely under the guidance and cooperation of the Carbo- 
hydrate Unit of the A gric ultural Chemistry Division, Bureau of Agricultural Chem- 
istry and Engineering, United States Department of Agriculture, has been respon- 
sible for the development of a process zvhereby the crystallization of sucrose has 
been effected. This has revived considerable interest in the sorgo plant on the 
mainland. A reinezv of this zvork is presented. 

During recent years interest in the production of sorgo sirup and tlie manufac- 
ture of sugar from sorgo juices has been revived on the mainland. Under present 
conditions it appears that this interest may become more active ; we therefore pre- 
sent an outline of some of the developments which have taken place, especially in 
regard to the crystallization of sucrose (cane sugar) from sorgo juices. The re- 
search was carried on largely under the guidance and cooperation of the Carbohy- 
drate Unit of the Agricultural Chemistry Division, Bureau of Agricultural Chem- 
istry and Engineering, United States Department of Agriculture. 

Prior to 1933, rej)orts from the U. wS. De])artment of Agriculture refer to the 
poor or non-uniform quality of sorgo sirii]) produced on many farms in the United 
States. A recent re])ort by E. K. Ventre of the above bureau summarizes the early 
situation in The Sugar Journal, Vol. 3, December 1940, ]). 23, as follows: 

The ('rystallizatioii of sucrose from the juices of sorgo plant is a project that lias had much 
intensive study in the past. The previous investigators succeeded in demonstrating the facts 
tliat the plant has very desirable agronomical characteristics and sucrose contemt, which com- 
pared very favorably with those of sugarcane and sugarbeets at that time. However, due to 
th(‘ failure to develoj) a workable process for the extraction of sucrose from the juices the 
investigations wine abandoned. 

In a similar report made to the Chief of the Bureau of Agricultural Chemistry 
and Engineering, U.S.l^.A., 1940, pp. 28-29, is the following statement: 

Utilization of suitable varieties of the sorgo plant for the production of sugar and its 
byproducts is a ])Ossibility that may be of great importance under some circumstances, and 
r(mewed attention has lieen given to this problem. It now a|)pears that the difficulties which 
previously handicapped this development may be overcome. Sorgo matures in about 4 months 
and can be grown over wide areas in the United States. In certain sections it could be used 
to su])i)lement sugarcane and sugarbeets, making j)ossible a longer and more jirofitable jieriod 
of operation of existing cane- and beet-sugar factories and providing a new and profitable crop 
to growers. 

The lack of uniformity in the quality of sirup, sedimentation occurring in the 
sirup, and the inability to precipitate sucrose from the juices was a real problem in 
the sorgo-producing areas of the United States. ’ The report of the Chief of the 
Bureau of Chemistry and Soils of the Department of Agriculture, 1935, p. 7, sum- 
marized the situation as follows : 
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This defect has been a serious handicap to farmers in obtaining the fullest profit from this 
important cash crop. Investigations were continued for the purpose of devising means where- 
by sorgo sirup of more uniform and improved quality may be made directly on the farm. 

A continuation of the report states : 

One of the principal difficulties experienced by sorgo sirup producers is slow boiling, which 
often results in scorching the sirup. This trouble was found to be caused by the presence of 
starch in the juice, which in addition to retarding evaporation will, if present in large quantity, 
cause actual jellying of the sirup. 

A practical method was devised for use of malt extract in the production of sorgo sirup 
for the elimination of defects such as ^ * jellying, ’ ’ excess turbidity, and difficulty in concen- 
trating the sirup to the required density, which result from the gelatinization of starch con- 
tained in the juice. This solves a difficulty which has in the past been the cause of much poor- 
quality sorgo sirup. 

The report continues : 

The use of a high diastatic malt for hydrolyzing the starch is recommended to overcome 
this difficulty. It was found that the greatest benefit from the use of malt is obtained by 
applying it after the juice has been evaporated to a semisirup. The usefulness of the diastase 
method for preventing slow boiling, scorching, and jellying of sorgo sirup was demonstrated 
in cooperative work with the Arkansas Agricultural Experiment Station. The drought of 1934 
apparently was responsible for the fact that it was practically impossible to produce sirup of 
satisfactory quality by the usual farm methods. By employing the newly developed improved 
method, sirup of excellent quality was produced from the same sorgo cane. 

Work on this subject was continued in 1936 along with studies relating to the 
factors of ripeness of the cane and topping the cane. This is summarized in the 
Report of the Chief of the Bureau of Chemistry and vSoils, U.S.D.A., 19v36, ]). 5. 

In an effort to eliminate the difficulties which tend to prevent the production of good sorgo 
sirup, an investigation was made of the quality and composition of sirups prej>ared from dif- 
ferent portions of the sorgo stalk at different stages of maturity. This work was done? in 
cooperation with the Mississippi Agricultural Experiment Station, and four of the best varie- 
ties of sorgo grown in northern Mississipid were studied. The data obtained show tliat the 
quality of sorgo sirup can be greatly improved by using cane which is ripe but not overrii)e, 
as determined by the condition of the seed heads, and also by discarding a certain proportion 
of the cane tops. The improvement in quality and possible increase in value may offset the 
» comparatively small loss in yield of sirup, particularly when the forage value of the tops is 
considered. Most of the starch, which causes ^^jellying^’ and makes it impossible to V)oil 
down the sirup to required density without scorching, is present in the upper part of the stalk 
and can be eliminated by topping. A study of the sucrose and reducing sugar relationshi)) in 
different parts of the stalk also revealed that it might be practical to establish a practice of 
selecting a certain portion of the sorgo stalk for sirup production, whereby sucrose and dex- 
trose crystallization in the sirup, which detracts from its value, could be avoided without incur- 
ring too great loss in yield of sirup. Objectionable sharp flavor or ^^tang, which is cor- 
related with the titratable acidity, can probably be minimized by variety selection, avoiding 
overripe stage of maturity, and topping to the fifth internode. 

Studies in cooperation with the Mississippi Agricultural Experiment Station 
continued and were incorporated in the Report of the Chief of the Bureau of 
Chemistry and Soils, 1937, p. 5. 

The malt diastase process for the prevention of jellying and consequent slow boiling or 
scorching and the practice of topping the stalks to the fifth internode to reduce the mineral, 
acid, and starch content of the juice fully meet the limitations of farm-scale sirup production. 
Studies conducted ... during the year showed that further improvement in quality of sirup 
could be atceomplished by combining these two methods. 
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Cooperative work in Mississippi on the composition of juices and quality of sirup from 
different sections of the stalks, in which 8 additional varieties of sorgo cane were used and 
about 100 samples of sirup were made, confirmed the conclusions from last year’s work that 
the farm value and marketability of sorgo sirup can be materially improved by cutting off 
and discarding several joints of the stalk from the top. The discarded top joints can be well 
utilized as feed for livestock, and the comparatively small reduction in yield of sirup is more 
tlian compensated by the improvement in quality of the sirup and the feeding value of the 
discarded top sections of the stalks. 

Farmers’ Bulletin 1791, Farm Production of Sorgo Sirup, by C. F. Walton, Jr., 
E. K. Ventre and S. Byall, was published in 1938 and contains a very complete 
treatise on the manufacture of sorgo sirup on a small farm scale. This bulletin is 
based upon and embodies the results of the preceding work on this subject. It 
covers the topping and milling of the cane; location, layout and size of mill and 
equipment; treating and evaporating the juice; removing sediment from the sirup; 
treatment with diastase; how to prevent sugaring; problems and methods of can- 
ning, marketing, etc. The juice is extracted with a small two- or three-roller mill, 
])assing the cane through twice, and obtaining an extraction of 55 to 68 per cent. 
This juice may be centrifuged to remove a large amount of the starch, or merely 
neutralized with lime and heated. After clarification it is boiled to a semisirup. 
The semisirup is treated with diastase malt to hydrolyze the starch, and settled for 
a period of six hours to remove sediment. They .state (p. 34) that dextrose crys- 
tallization is controllable by blending of varieties of cane or of sirup : 

Suc(*(>8S in preventing crystallization of both dextrose and cane sugar nevertheless depends 
upon liaving these sugars present in the sirup in the right proportions. 

The proportions usually satisfactory are about equal amounts. They suggest 
a].s() (p, 34) the use of invertase: 

Another method of pr(‘ventiiig cane-sugar crystallization, if variety selection, harvesting 
at the proper stage of maturity, and low topping fail to give good results, is the invertase 
process.” This is a practicable x)roce8s in which an extract of yeast (invertase) is used during 
the manufacture of the sirup. The yeast extract converts a ])ortion of the cane sugar into the 
two sugars dextrose and levulose, so that the resulting more properly balanced sugar content 
of the sirup will not deposit either cane sugar or dextrose crystals. The invertase process, of 
course, should not be used when the trouble to be remedied is due to dextrose. 

It is disclosed by these comments that difficulties were encountered through 
crystallization occurring in the sirup due to three forms of sugar, i.c., sucrose, dex- 
trose and levulose. These crystallize in the sirup unde^* different conditions, de- 
pending somewhat upon their proportions in the sirup. 

The subject of topping the stalks of the sorgo plant received further study in 
connection with the crystallization of sucrose and dextrose in sorgo sirups. E. K. 
Ventre and S. Byall further reported in Distrihiition and Variation ivith Maturity 
of Dissolved Solids, Sucrose, and Titratahle Acidity in the Sorgo Stalk, Journal of 
Agricultural Research (1937), Vol. 55, pp. 553-562. They state on page 562: 

If sorgo juices are to be used for the crystallization of sucrose, previously recommended 
topping practices are incorrect. The reverse procedure should be used, that is, the bottom 
internodes should be discarded, as they have relatively a much lower coefficient of purity. In 
some cases several internodes at the bottom of the stalk are much below the practical crystal- 
lization limits for sucrose. 

In the manufacture of sirup from the sorgo stalk, however, topping, or discarding the three 
or four upper internodes, reduces the tendency of the sirup to crystallize sucrose and also 
produces sirup with a minimum of acidity or sharp ‘^tang. ” 
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The above rejx)rt makes the first reference encountered since 1933 concerning 
the commercial possibilities of, sucrose crystallization from the sorgo sirup. 

Correlation of starch content, jellying, crystallization, topping and maturity of 
the sorgo stalk were further studied and reported upon by E. K. Ventre, S. Byall, 
and C. F. Walton in 1939, Jellying and Crystallization of Sirups Made from Dif- 
ferent Parts of the Sorgo Stalk at Different Stages of Maturity, Journal of Agri- 
cultural Research (1939), Vol. 59, pp. 139-150, and were summarized on page 149 
as follows: 

The starch content and jellying of sorgo sirups are correlated and increase with maturity 
of the sorgo. The upper portions of the stalk produce sirups higher in starch content. The 
number of parts of the stalk yielding sirups that jelly increases with maturity. 

Sucrose crystallization occurs most frequently in sirups made from the upper part of the 
sorgo stalk. The number of parts of the sorgo stalk yielding sirups from which sucrose crys- 
tallizes increases with maturity. 

Dextrose crystallization occurs most frequently in sirups made from the lower portions of 
the stalk. The number of portions of the stalk yielding sirups from which dextrose crystal- 
lizes decreases with maturity. 

We have three reports along the same line on the same sul^ject during 1940 
One of these, also by C. F. Walton, E. K. Ventre and S. Byall, Effects of Lou 
Topping and Diastatic Malt Extract on Composition and Quality of Sorgo Sirup 
Journal of Agricultural Research, Vol. 60 (1940), pp. 427-432, gives the follow- 
ing summary on page 432 : 

Most of the sirui)s with a starch content of 1.25 percent or liigher, jellied or became ex- 
tremely viscous, whereas those made by the use of high-diastatic malt extract had a starch 
content considerably under 1.0 percent, in many cases only about 0.25 percent, and did not jelly. 

The ash content of the samples varied considerably with the variety but it was usually 
higher in sirups made from the top portion of the stalk. 

In making sirups with juice from the tops alone, it was observed that scorching usually 
occurred before evaporation to the standard density of sirup was completed. Tliis is charac- 
teristic of juices of high starch content, and accounts for the dark color and strong flavor of 
some sirups. 

The topped stalks consistently produced sirup of better quality than the wliole stalks, which, 
in turn, gave better sirup than did the tops alone. 

Belatively little improvement in quality resulted from 8imj>ly allowing the semisirup to 
settle, without malt-extraet treatment, before completing the evaporation. 

All sirups produced by the process in which high-diastatic malt extract was used were of 
better color, flavor, and clarity than the sirups made from corresponding parts of the stalk 
by the standard procedure. 

The results show that sirups of the highest quality are produced by using starch-hydrolyz- 
ing enzymes to supplement reasonably good topping practice. 

The report of the Chief of the Bureau of Agricultural Chemistry and Engineer- 
ing, 1940, pp. 28-29, mentions the fact that the work had progressed so far that 
the primary crystallisation of sucrose could be readily accomplished. Excerpts 
from the report follow: 

Analyses were also made of the objectionable sediment formed to different extents in sam 
pies of sirup from various sources, in order to obtain information on the nature and origin of 
tliis sediment which may lead to the adoption of preventive or remedial measures. Farm-made 
sirups free from sediment would have improved marketing possibilities. 

Preliminary results obtained in experiments on a pilot -plant scale at Meridian, Miss., field 
station showed that starch and its degradation products in sorgo juices are among the most 
objectionable constituents that prevent efficient crystallization of sugar. Means for tlie re- 
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moval of interfering starch and starch products by physical methods and by diastatic con- 
version were devised, with the result that primary crystallization of sucrose coiild be readily 
accomplished. Satisfactory analytical methods were developed for determining sucrose, dex- 
trose, and levulose in sorgo juices. The results of a study of the diurnal variations in the 
sucrose, dextrose, and levulose contents of the sorgo stalk were not indicative that the syn- 
thesis of sucrose and starch occurs in the stalk juice. Promising results, from the standpoint 
of quality, were obtained in laboratory studies on the production of refined sugar in the form 
of sirup (* liquid sugar”) from sorgo juice by the use of ‘^carbonaceous” ion-exchange 
materials. Best results were obtained when the juices were passed through the cation and 
anion exchange materials alternately. Excessive wash water, however, was required to remove 
color after regeneration of the anion exchange material which is a serious objection. An 
investigation was begun on methods for the preparation of an ion-exchange material from 
fibrous materials impregnated wdth analine dyes. 

Some interesting developments are brought out in the above report, including 
the commercial possibilities in the crystallization of sucrose (cane sugar) through 
the development of efficient means for removal of starch and its deleterious prod- 
ucts ; that materials which are ordinarily contained in the sediment of the semi- 
sirup may be the cause of considerable interference to free boiling in the pans and 
subsequent centrifugal separation; appreciable further benefits may be derived 
from carbonaceous ion-exchangers in further clarification of the juice, together 
with studies toward making fibrous ion-exchangers impregnated with analine dyes. 

E. K. Ventre also described the work and the results obtained in a pilot-scale 
plant toward the crystallization of sucrose from the sorgo juices in Preliminary 
Report of the Crystallhation of Sucrose from Juices of Sorgo Plant, The Sugar 
Journal, Vol. 3, No. 7 (1940), pp. 23-30, excerpts from which follow: 

Jn the present investigations, it was found that three constituents of the juices besides tlie 
sucrose content were directly concerned wdtli its crystallization, viz., starch, reducing sugars 
and salts of organic acids, each of which can best be discussed separately. 

Starch Content of the Juices — Influence and Methods of Removal: 

[There is shown] a wide variation in the starch content of the juices; tliese variations are 
due mainly to varietal cliaracteristics but in some instances are, in part, due to the degree of 
maturity of tlie cane. It has been shown in a previous work that the starch content and suc- 
rose content of the juices increase with maturity. The juices of the plant contain mature 
starch and intermediates from various stages in the process of synthesis wliich do not lend 
tiiemselves to pliysical separation and require the use of enzymes for tlieir conversion. 
Physical Separation of Starch: 

The first method employed for physical separation of the starch was liming the juices to 
neutrality, heating to boiling point in an open defecator, thereby raising the starch to the top 
of the defecator and drawing off the clear juice from under the “blanket” of scums. Kefer- 
ence . . . will show that this method is effective to the extent of removing an average of 70.92% 
of the starch originally present in the juice. 

The second method studied for the physical removal of starch from the juice was by tabling 
the raw juiee. . . . When followed by lime and heat defecation we find ... an average removal 
of 80.80% of the starch originally present in the juice. The tabling process had the dis- 
advantages of requiring a large installation due to a low tabling rate and permitted deteriora- 
tion of the juices besides a considerable juice loss when the tables were drained. 

The third method studied for the physical removal of starch from the juice was centrifug- 
ing in a solid basket centrifuge. ...this method alone removed an average 70.72% of the 
starch originally present in the juice and in combination with defecation removed 92.57% of 
the starch originally present in the juice. This method possessed, in addition, the advantages 
of no deterioration hazard due to the rapid separation, and the starch removed was in a com- 
pact form more suitable for use as a by-product. Varying with the variety, it is shown .. . 
that from 0.3 to 9.85 pounds of starch per ton of cane may be recovered as a by-product by 
this method. 
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Mnsyme Treatment for Eemoval of Residual Starch and Intermediates : 

The influence of starch on the crystallization of the sirups under vacuum is first noted by 
the sirups becoming gelatinous and not circulating at a concentration below that necessary for 
securing the degree of supersaturation required for crystal growth. This does not involve a 
large amount of starch; for example, at SS% solids only .12 percent of water is present and 
in sirups having as much as .40% starch on solids the starch percent water would be 3.5% 
sufficient to cause a jell at this concentration. Further concentration of the starch obtains in 
the molasses and from this it is readily evident that nearly complete starch removal is neces- 
sary for free working of the juices in the factory. ... it was found necessary subsequent to 
physical separation to use enzymes for the final removal of starch and its products. The first 
enzyme used was an infusion of ground malted barley. The use of this material as an enzyme 
source was successful insofar as securing crystallization but it possessed the disadvantages of 


PROCESS USED FOR SORGO PILOT PLANT OPERATION 


The process that gave the most satisfactory operation may be diagramed 
as followst 

Cane Milled -(3*roller mill double passing, 
I Extraction 55 - 68>t) 

Raw Juice - Centrifuged (0.3 to 10 lbs. 

I starch removed per ton cane) 

Raw Juice Lined (pH 8.4 - 8.6) 

Defecated^ heating to boiling and settling 
in open defecator. 


Mud and sotms to press <- 


Mud aiscai^ed 


Press JulQe. 


Crystallizer Massecuite 
(1st Molasses and Sirup 
Seed Footing) 


Ist Molasses 


(600 purity) 


1st Molasses 


Clear Juice (pH 6.8 - 7.2) 

I 

Starch Converted - Treated 10 gms. ai^ylase 
^ per 50 gal. after flashing to 65^ C. 

Evaporated to 32^ Be. sirup. 

Sirup heated (lOOO C.) and aconitate 
^ separated. (Settled 2-6 hours) 

Sirup boiled to first massecuite (to start 
process) 

"Sirup 

gular 1st massecuite. 


Crystallizer Sugar 
(Seed for Ist Massecuite) 


ises-ytRegula 

/u 


960 Sugar. 


Final Molasses » 30 purity. 


of chart shown in 
The Sugar Journal^ Vol. 3# No. 7, 
j» . as (1%0 ). 


£• K. Ventre I Preliminary Report of the 
Crystallisation of Sucrose From Juices 
of Sorgo Plant. Contribution No. 163 » 
Carbohydrilte Unit^ Agrie. Chem. Research 
Oiv., Bureau of Agrle. Chem. & Eng., 
U.S.I).A. 
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requiring an amount of infusion which added a considerable amount of reducing sugars to the 
sirup, required a pH below that optimum for the clarification and gave a low conversion to 
monosaccharides. However, this is one of the cheapest sources of starch-converting enzymes 
and due to this fact this material will be the subject of further study. 

Pancreatic amylase was found to possess the advantages of working at the pH of optimum 
clarification, gave a high conversion to monosaccharides, and added no reducing sugars of it- 
self to the sirup. In the use of either enzyme it was found most convenient to draw the hot 
defecated juice into a vacuum evaporator flash to cool to 65° C. and add the enzyme being 
careful to maintain a temperature below 70° C. during the time required for the enzyme to 
convert the starch. It was found that for sirup so prepared to boil satisfactorily that it show 
neither starch nor dextrin test with iodine. Using these methods and present equipment it 
was found that it required 40 grams per ton of cane of this material to get a working sirup. 
Further work on tliis should permit a reduction in the enzyme demand. 

Calcium Salts or Organic Acids [Salts of Organic Acids —Aconitates '] : 

Starch free sirups prepared by a combination of the physical and enzymatic methods were 
found to be difficult to work for the reason that when they were heated and concentrated in the 
vacuum pan crystals formed at a concentration below the degree of supersaturation necessary 
for sucrose crystallization. These crystals continued to grow until they reached a ^ ^ smear 
size and then stopped growing. When sucrose crystals were subsequently formed, these crystals 
remained as a * ^ smear. They appeared to be lighter in density than the sucrose crystals as 
they came to the center of the centrifuge forming an impervious film preventing the massecuite 
from spinning. 

It was found that if the evaporator sirup was heated to 100° C. these crystals formed and 
readily settled to the bottom. After six to ten hours’ time, as much as 10 pounds of this 
material per ton of cane could be separatetl of the consistency of wet sand. Analysis of this 
material indicated that it was mainly calcium aconitate with a small amount of magnesium 
aconitate. It was found j) 08 sible to further remove only a small amount of this material from 
first and second molasses made from sirups j)reviou8ly treated. 

I It was shown] that the ash removal for sirup treated by heat and settling from six v’arie- 
ties to l)e a nearly constant figure of 0.72% ash on solids. Calculations based on these figures 
show an average ash rtnnoval of 1.545 pounds per ton of cane. 

On the subject of Ri ducing Sugars and Their Effect on Crystallisation, a tenta- 
tive formula is presented for calculating the amount of crystallization of sucrose 
in relation to invert sugars. 

It is interesting to note that thirty purity molasses may be produced up to a reducing sugar 
(as invert sugar) content percent solids of 1,3.20%. 

Again it is desirable to emphasize that this paper must be considered as a preview of the 
work and the success obtained shall serve only to prove that utilization of the sorgo plant is 
not impossible and reopen the field of experimentation with this plant. 
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Notes on the Manufacture of Cane Sugar Syrups, Invert 
Sugar Syrup, Candy and Similar Products 


{Prepared by the Sugar Technology Department of the Experiment Station) 

The demand for candy, table and cooking syrups and molasses has increased 
tremendously in Hawaii along with the large increase in chnlian and service popu- 
lation during the war. At the same time shipping space is at a premium. It should 
be possible to meet most, if not all, of this demand with local sugar and other prod- 
ucts and thereby increase profits as well as reduce shipping space requirements 
between Hazvaii and the nuiinland under ivar conditions. A resume has been pre- 
pared touching upon the possibilities of manufacturing these products locally. 

There does not appear to be any real reason or any great obstacle that should 
keep the Territory of Hawaii from l)eing entirely self-dependent, in so far as prod- 
ucts to satisfy its sweet tooth are concerned. Hawaii is an important source of 
sugar, both to ourselves and to the mainland of the United States. Sugar and the 
various products, which are or can be made from it, are a very important adjunct 
in the diet of all of our population. In one form or another it enters into a large 
share of the items of food which we consume. Many industries and many products 
depend upon sugar in one form or another; it is used in table and cooking syrups, 
molasses and invert sugar syrup, candy, baker}' goods, beverages and many similar 
products. 

Some products require sugar in its ordinary form as refined sugar, which is 
practically pure sucrose or as a pure sucrose syrup which is sometimes termed 
“neutral syrup.” Other products require a mixture of sucrose and glucose in the 
form of a syrup. While glucose, which is a mixture of dextrose and levulose, 
occurs naturally to some extent in cane juices, it can readily be produced or its 
concentration increased in a sucrose-bearing syrup by one of several available in- 
version processes by which one molecule of sucrose becomes two molecules of glu- 
cose, or one each of dextrose and levulose. Still other prwlucts require the use of 
straight glucose or invert sugar syrup in which all sugars are in the form of dex- 
trose and levulose. All of these ingredients to meet the requirements can be j)ro- 
duced from local sugar and in conjunction with local sugar factories. 

During the past years and even at the present time many tons of candy, table 
and cooking syrups and molasses, invert syrup or glucose and also yeast products 
from molasses have been manufactured on the mainland from sugar which could 
well be the identical sugar shipped over there from Hawaii and then these products 
shipped back into the Territory. This takes up valuable shipping space especially 
on the return voyage when this shipping space can, under present conditions par- 
ticularly, be used for other essential needs. 

Table syrups, cooking syrups and molasses can be made from raw cane juice 
evaporator syrup, raw, or washed raw sugars. Invert syrup or glucose can be made 
from raw, washed raw, or refined sugar. Candy can be made directly from the 
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same materials. To prepare the above items it requires but an inverting agent, such 
as a suitable acid or invertase to convert the sucrose or a portion of it in our prod- 
ticts to glucose. Invertase can be prepared locally from ordinary yeast and it has 
already l>een demonstrated that yeast of a very high quality can be produced from 
our final molasses. This locally produced yeast could take care not only of the 
invertase needs, but also of the needs of the bakery industry in the Islands. A suf- 
ficient quantity could also 1>e produced to supply materially the protein needs in 
food for humans and for livestock. As an acid-inverting agent large quantities of 
citric acid are already manufactured and are available from the pineapple indus- 
try, or if necessary it could be made from final molasses. 

Thus we find that all of the necessary ingredients — crusher juice, evaporator 
syrup, raw, washed raw, or refined sugar, and final molasses — are availal)le in 
large quantities to start production of all of the necessary saccharine products 
required by the confectionery, bakery, and beverage trades of the Islands. It 
appears that the production of these items for local needs is a logical step for the 
sugar industry. In most cases the additional equipment required would not be 
great, since practically all of the necessary equipment in one form or another is on 
hand at the factories. 

Considerable work along this line has been carried on by the Sugar Technology 
Department on a laboratory scale and a fairly extensive search of the literature has 
been made. Instructions and formulas for various classes of candies and syrups 
from raw sugar syrup, raw sugar, washed raw- sugar, and refined sugar have l)een 
prepared and were issued in the Department’s Activities Report No. 4 of August 
10, 1942. The candies include fudges, hard candies and brittles. It is assumed that 
most of the commercial quantities and qualities of candies will be taken care of by 
the new factory now being considered by the Hawaiian Pinea])ple C()mj)any. 

The list of syrups includes table and cooking syrups and molasses, glucose or 
invert sugar syrup and ‘‘Hawaiian Sugar Honey.” Considerable quantities of table 
syrup are now being produced by Honolulu Plantation Company, and several other 
plantations including Ewa, Oahu, and Hawaiian Commercial have for some time 
been making syrups for their employees or for sale through their plantation stores. 
These procedures, formulas, and additional data are presented herewith for gen- 
eral information. 

The flavor and quality of these products will depend upon the care used and the 
method employed in their production and upon the initial product from which they 
are made. The desirability of each will depend upon individual tastes and the nature 
of the product for which it is to be used. Cooking, table, and invert syrups made 
from crusher juice or evaporator syrup will have a darker color and a stronger 
taste than those made from raw sugar and will also contain more of the mineral 
content and organic nonsugars. Raw sugar will in turn produce syrup with darker 
color and a stronger taste than washed raw or refined sugar. The color and flavor 
may be varied almost at will by the proper selection or blending of the starting 
materials. A light-colored, high-quality glucose or invert syrup would presumably 
be started from washed raw or from refined sugar or refinery syrup. 

Discussion of various points in connection with these products and their manu- 
facture will be undertaken in the following pages. 
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Syrups From Hawaiian Sugars 

Syrup of excellent quality for table or cooking purposes can be produced locally 
provided containers can be secured for its storage and distribution. This syrup can 
be produced from cane sugar products by the use of either invertase or citric acid. 
Invertase or invertase yeast can be prepared locally. Citric acid is already produced 
in quantity by the local pineapple industry. 

In general the flavor of table syrup made from washed raw sugar is more pleas- 
ing to the majority than that made from straight raw sugar, although if the syrup 
made from raw sugar is clarified somewhat by heating and settling or by filtration, 
the flavor is very similar to that made from washed sugar. There is a fairly large 
demand and sale for syrup made from crusher juice or evaporator syrup through- 
out the Territory. 

Methods of making these plantation syrups differ and so do the flavor and color 
of the products. The flavor and color depend upon a number of factors in addition 
to the character of the materials from which the syrup is started and the method of 
making the syrup. If raw juice or crushed juice is used as the starting point, the 
juice is clarified by one of several methods, each of which may have some effect 
upon the final color and flavor. 

At this point it may be of interest to cite some comments by H. S. Paine from 
the U. S. Department of Agriculture, Bulletin 1370, 1925, pp. 69-72: 

The quality of flavor most desired in cane sirup is smoothness, with enough of tlie typical 
cane-juice flavor to give to it tlie unmistakable taste of the cane. Although the production of 
much ‘^carameU’ flav^or during evaporation of juice to sirup is to be avoided, a little may im- 
prove the general character of cam* sirup by making sweetness more noticeable and masking 
less desirable flavors, Cano sirup possesses more flavor than may at first be apparent. While 
this can be measured only by tasting, a method based upon the detection of flavor at various 
dilutions with water shows that in the average sirup the flavor is from 25 to 60 per cent more 
persistent than sweetness. The fc>rmation of small quantities of caramel and partial neutrali- 
zation of the acidity of the siruj> tend to (equalize the intensity of sweetness and flavor. 

Cane siruj) owes its food value essentially to its sugar content. 

The salts (asli constituents) and organic nonsugars in cane sirup liave some incidental food 
value. Recent studies in nutrition and dietetics indicate that sugar-cane sirup and molasses 
contain a not(‘Worthy quantity of vitamins. As the dietary value of the nousugar substances 
is somewhat indefinite, however, tin* food value is usually calculated in terms of energy units 
on the basis of total sugars. Taking as a basis of calculation a fuel value of 3,749 large calo- 
ries per gram for invert sugar and 3.955 large calories per gram*for cane sugar, the energy 
value of one pound of cane sirup of the average composition . . . would be 1,188.6 large calories. 
One gallon of such sirup of [about 72° Brix] , . . weigliing 11.35 pounds per gallon, has a food 
value of 13,491 large calories. 

Sugar cane syrup if evaporated to a moderately high density will crystallize un- 
less a portion of the sucrose has been inverted, while on the other hand a thin 
syrup is very likely to ferment in warm weather. Invert sugar does not readily 
crystallize. As the ])roportion of invert sugar to sucrose is increased, the likeli- 
hood of the syrup crystallizing is lessened. The problem is to make a syrup that 
will not crystallize when evaporated to a water content of about 20 per cent. Sat- 
isfactory syrups have been made in our laboratory having a density range of 72-78° 
Brix. Transformation of sucrose into invert sugar on a commercial scale can be 
brought about in several ways, but only those of commercial importance will be dis- 
cussed. The two important procedures, inversion by heating with an acid and by 
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the action of an enzyme obtained from yeast called “invertase,’’ will be discussed 
in some detail in the following sections. 

Inversion Methods: 

The methods employed for the conversion of the sucrose to glucose can be mod- 
ified in their application and the degree of inversion can be controlled to meet the 
particular need. A system of control and adherence to certain details is essential to 
the success of the method employed and to obtain a high quality in the desired 
product. As stated above, two general methods are employed for inversion on a 
commercial scale; (1) heating with acids, and (2) the use of invertase. They will 
be discussed in their general aspects, including laboratory experience and comments 
gleaned from the literature on the subject, and then their application given in great- 
er detail in reference to their use for specified products. 

(1) hwersion by Heating With Acids: This method has been employed ex- 
tensively. Hydrochloric or sulfuric are the acids most commonly used for the pur- 
pose, although tartaric, phosphoric and citric acids have been employed. All but 
the last of these are difficult to obtain in sufficiently pure form in the Territory at 
the present time as they are usually imported. Citric acid is produced locally and 
can be obtained in sufficient quantity for most purposes. Citric acid is very effective 
for the purpose, but as with all acids precautions must be observed in its use. The 
solubility of ordinary iron and copper is quite high in the presence of citric acid at 
the reactions and temperatures which are necessary. However, the amount of iron 
dissolved during the boiling has no noticeable effect upon the taste of certain syru])s, 
and iron containers could be used for the inversion under some conditions. The 
amount of copper dissolved would affect the syrup or other product considerably 
and precludes the use of this metal until excess acidity is neutralized. 

Some of the commercial methods employed using acids are described in the 
literature and may be of interest. 

F. A. Lopez Ferrer describes a method which he uses in making invert syrup 
direct from cane. His article has been abstracted in Facts About Sugar, March 
1936, p. 105, as follows: 

The new industry of invert sugar manufacture has been of much value to certain mills in 
Cuba, as it has led to the utilization of cane that could not be used for the manufactur(‘ of 
crystal sugar, and in some cases has prolonged the grinding season 60 to 90 days. So far, six- 
teen Cuban factories have been making this x>i*oduct, and in 1935 they produced 54,468,283 
gallons of invert syrujj. The author is of the opinion that with continuance of restriction on 
sugar output, the amount of syrup that can be marketed at a good price is about 60,000,000 
gallons. 

In the process of manufacture supervised by the author, the operations are the same as for 
the production of crystal sugar up to the i)oint of obtaining the thick juice (meladura), with 
the sole excei)tion that the juice is kei)t as acid as possible, for the sake of economy in the 
inversion. No more lime is used in the juice than is required to i)roduce a pll of 5.8 or 6.0, 
wliich corresponds to an inversion of 3 or 4 per cent when the juice is warmed up to more tluiri 
100® C. in the heaters and evaporators. The thick juice at 54® to 60® Brix is subjected to in- 
version with sulphuric acid in the proportion of 0.85 to 1.0 gallon of acid per 1,000 gallons of 
Juice, which means 1.75 to 2.0 gallons of acid per 1,000 gallons of final invert syrup. Mixture 
of acid and thick juice is effected in six tanks provided with steam coils and compressed air. 
The mixing and heating must be done gradually and thoroughly to avoid caramel ization. The 

operation is called '^active inversion' it lasts 50 to 60 minutes and results iu a syrup of 
30 to 45 purity. 
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In the next operation, called * ‘inversion in repose/^ the mixture is maintained at rest at 
a temperature corresponding to the working temperature in a vacuum pan. The thick juice is 
then concentrated under vacuum to 85® or 87® Brix. Before being discharged from the pan, 
the syrup is treated with one gallon of milk of lime (12® to 15® Baum6) per hectoliter of pan 
capacity, so that the pH on discharging will be about 6.8. 

The author considers that the ideal invert syrup should contain 25 to 30 per cent real 
sucrose, and from 48 to 53 per cent glucose, which will giv^e approximately 78 per cent of total 
sugars. The tliree factors of acid, time and temperature must be adjusted so as to secure maxi- 
mum factory economy. 

Incrustation of luxating surfaces is more troublesome than in regular sugar manufacture, 
and metal surfaces should b(‘ treated with acid-resistant paint wherever possible, in order to 
diminish corrosion. 

Another article on the ])roduction of inverted molasses in Cul)a by D. G. Auri- 
oles has been abstracted in P'acts About Sugar, October 1937, p. 402, as follows: 

The manufacture of inverted molasses (or inviTt syrups) though sim])le, requires select 
equipiiKUit and car(‘ful supervision. The technique of the process varies slightly according to 
th(‘ tyjie of syrup used but always in agreement with the following rules: The Brix of tlie 
syru}) varifvs from 72® to 84®, jmlarization after inversi(»n from 20® to 42®. As an inverting 
agent, pure hydr{)chlori<' acid of 22® Baume is used where the finest product is desired; the 
time of inversion varies from 20 to 40 minutes in the case of high purity syrups to 2 hours 
with inferior sugjirs. The final j)!! of the inverted syruj) varies from 4 to 4.5, except when 
some customers wish a pH of 5.5 to 6.6, in which case the adjustment is made with milk of 
lime. In some' miils t)ho8phoric has been substituted for hydrochloric acid. Iron should not be 
us<‘d in the equifjinent, or the cedor of the preuluct will be impaired. 

In some cases, as in tlie preparation of a low’er grade product, concentrated sulphuric acid 
is uh(mI for the inversion at the rate of 0.30 lbs. per 100 ll>s. of syrii]). The mixture is h( ated 
up to 200® F. and ki'pt at this tem})erature until a rapid analysis shows a i)olarizatioii of 0.10® ; 
then milk of lime is added sutficient to bring the pH to 6.0. The syrup is then pumped to 
“waiting tanks’^ of the vacuum ])ans to be concentrated to 80®-85° Brix. 

.Another method which constitutes a practically continuous inversion and con- 
centration process is descrilted by J. R. ( )suna in an abstract in Facts About Sugar, 
December 1940, p. 40, as follows: 

The syst(‘m devis(‘d by the author aims at effecting o])erations with as much convenicuice a.s 
possible. Th(' ]>roc(*ss requires a heater, three cylindrical tanks, one or more vacuum pans, and 
a colder. k\»r the last, use may b(‘ made of a heater in wliich the cold water is circulated 
through the steam coils. The three tanks are connected with each other by 8" piping and are 
usi (1 in rotation for inversion and mixing of tlie syrup. 

Till* syrups are continuously concentrated in the vacuum pans, tvhich are fed from the bot- 
tom; the concentrated syruii is continuously withdrawn from the pan liy a ]dpe, wliich opens 
a foot above the top jilate of the calandria and which is jirolonged downward to a piston 
pump on the main floor of the factory. When the first or ‘A’ tank is one-fourth full, running 
in of the inverting agent (acid or yeast) is begun and it flows along with the syruji until ‘A’ 
is full. The filling of tank ‘B’ is then begun; half the contents of ‘A’ are transferred to tank 
‘<v and when is full its contents are divided between and ‘Cy which are discharged 
in rotation after completing the scheduled inversion tinn* cycle, 

A similar })rocedure is described by AI. A. Mascaro and is abstracted in Facts 
About Sugar, April 1940, pp. 31-32, as follows: 

Heretofore the procedure of making high test molasses (concentrated and acid-inverted 
cane juice) has consisted of mixing and heating the syrup and acid in a tank provided with a 
stirring apimratus and transferring the mixture to another tank for completion of the inver- 
sion cycle. To counteract the slowing down of the inversion process as the mass cools, it has 
been necessary to reheat it in the same tank by means of steam coils. 
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Experieaee has shown that this stationary heating in large tanks is detrimental because 
there is a loss of total sugars by caramelization and decomposition. For this reason tlie au- 
thor has introduced a system which he describes as follows: 

The juice follows the usual course until it reaches the quadruple effect, but is defecated 
with a minimum of lime, or with no lime at all if circumstances admit. Tlie concentrated 
syrup (40°~42° Brix) is received in a tank for mixing with dilute acid in the usual manner. 
Then the mixture is pumped through the first of three small heaters of high speed design sup- 
plied with exhaust steam, where it is brought to 195®-200° F., and is discharged into tanks 
arranged in series. The acidified syrup remains in the tanks until its temperature falls to 
about 175® F., at which temperature the rate of inversion becomes too slow. The juice is 
then pumped through the second heater, to be again raised to the temperature at which inver- 
sion proceeds rapidly, and is discharged into a second series of tanks (or old crystallizers) 
where it remains until the purity has fallen to the point desired. The third heater is kept as 
a spare and for use during cleaning periods. 

Considerable loss is avoided by this process. Even mills that obtain 79 per cent of total 
sugars may now obtain 80 to 81 per cent and perhaps more. 

The California & Hawaiian Sugar Refining Corporation at Crockett produces 
an invert syrup for the beverage trade which demands a high-grade product. We 
have been informed that they use No. 1 concentrated liquor, which is one of the 
highest quality liquors, and that hydrochloric acid is used for the inversion. Tlie 
requisite amount of acid is mixed with a definite amount of water in a rubber- 
lined tank. Inversion takes place in a glass-lined tank. A given amount of the liq- 
uor is run into the latter tank and the mixture of acid and water is added to this 
while the liquor is being agitated. This mixture is then gradually heated until a 
temperature of about 85® C. is reached and this temperature is maintained until 
the desired degree of inversion is accomplished. The resulting invert syrup is then 
brought to approximately the neutral point with caustic soda. The inversion of 
about 2,000 gallons of syrup can he accomplished in about an hour and a half with 
about 5^4 pounds of hydrochloric acid. 

Inversion can l)e accomplished in a similar manner with citric acid. It appears 
to require a slightly longer time to accom})livSh the inversion with citric than with 
hydrochloric acid. The required time will vary somewhat, depending upon the 
purity of the make-up syrup, lower purities requiring a longer time. If a ])articu- 
lariy light-colored invert syrup is not required, the inversion can be carried out in 
iron tanks using any desired syrup, such as evaporator syrup or syru]^ made up 
from raw or washed raw sugar. The density should be in the neighborhood of 65® 
Brix and the inversion temperature about 85® C. As soon as inversion is carried 
to the desired point, the syrup is neutralized to about pH 6.2 with sodium bicarbo- 
nate or sodium carbonate. After the addition of the necessary amount of soda to 
neutralize excess acidity, the final concentration may be carried out in copper uten- 
sils. If a very light-colored invert syrup is required, the nature of the make-up 
syrup can be varied as well as the inversion procedure. Details of the inversion 
method will be described in a later section in connection with the various products 
discussed. Gn the basis of laboratory tests a thousand pounds of sugar, repre- 
senting approximately 140 gallons of syrup at 65® Brix, would require about 9^2 
pounds of citric acid and IOV 2 pounds of sodium bicarbonate to give slightly over 
110 gallons of invert syrup at 82® Brix. 

(2) Inversion ivUh Inveriase: The use of invertase or a highly active inver- 
ye^ supplanting acids for the purpose of inverting sucrose to glu- 
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cose in the manufacture of table and invert syrups. It is generally conceded that 
invertase produces a better quality syrup with a better taste than the acid method 
and there is less corrosion of equipment. It is possible to produce in the labora- 
tory a satisfactory invertase from yeast and there are several methods available 
for the production of high invertase-content yeast which can be produced in con- 
nection with any yeast plant. Some of the references, for the production of highly 
active invertase yeast, invertase and the use of invertase for syrup production, may 
be of interest at this point. 

The use of invertase in connection with high-test invert molasses is com- 
mented upon by F. Guerrero, Proc. 13th Ann. Conf. Asoc. Tecnicos Azucareros, 
Cuba, 1939: 

The invert molasses industry has entered a new phase with the introduction of a yeast with 
powerful inverting properties, which enable the manufacturer to dispense with the use of acids 
that destroy sugar values and corrode the equii)inent. 

A process used in Cuba is descril>ed by J. C. Gonzalez Maiz and his article has 
been abstracted in Facts About Sugar, March 1941, ]). 30, a part of which follows: 

The process consists of d(‘livering the sterilized syrup at the proper Brix and temperature 
to a vessel provided wdth arrangements for stirring and heating with steam. The required 
amount of yeast is added, and inversion is allo>ved to proceed until a polarization test shows 
zero, or better, minus 8 to minus 9 polarity. Then the syrup is again sterilized at 80® to 90® C. 
and concentrated in a vacuum ])an to 85® Brix. The distillers, who are the principal consumers 
of inverted molasses, require a product that has been approximately 70 per cent inverted. 

With a Brix of 58®, a temperature of 58® C., and an inversion cycle of 12 hours the amount 
of invertase yeast consumed is 3.93 per cent on sucrose in syrup. 

A process by which the yeast used for inverting syru]) can be prepared at a 
factory is reported l)y A, P. Fowler and abstracted in Sugar, June 1941, pp. 37-38, 
as follows: 

It is generally conceded that inversion of sugar cane syrups by the use of yeast invertase 
is better than by the use of sulphuric or other acid. In the original Guerrero process, yeast 
for the pur}>o8e is propagated from pure cultures at the factory. An alternative is to purchase 
the yeast from manufacturers who specialize in its production on a large scale. The author 
oflFers a factory process as a middle course between the i)ure culture technique and purchase 
from outside sources. In this process 1500 gallons of a 6.5° Brix solution of well sterilized 
defecated juice is adjusted to a pH of 4.5 V>y means of sulphuric acid; some tri -calcium phos- 
pliate and nutritive salts are added and the solution is cooled to SO®'!'’. 

A liarrel (50 liters) of this solution is taken, treated with 70 cc. of concentrated sulphuric 
acid and 5 grams of sodium hydrosulfate, and the pH is brought to between 2 and 3 by addi- 
tion of more sulphuric achl. Fifty pounds of stock or commercial yeast are broken up and 
well mixed in this solution, wdiich is allowed to stand for at least one hour. Thereupon tlie 
main 1500 gallon w'ort is aerated at the rate of 300 cu. ft. of air per minute and the yeast 
mixture is added. The temperature is kept iKJtw’een 82° and 91® F., and the pH is adjusted 
to between 4.0 and 4.8 by addition of calcium carbonate w’hen necessary. At the end of 8 
hours the Brix of the wort should drop from 6.5 to 0.7, provided that air supply, pH and tem- 
perature have been properly maintained, and if there is no infection. At the end, the per- 
centage of invertase content of the yeast should have increased five or six times over that in 
the original yeast. The milk of yeast thus obtained is added at the rate of 0.07 per cent of 
yeast paste (60% moisture) on sucrose to the syrup from the evaporators, which should have 
a Brix of not more than 60 and a temperature not exceeding 140® F. After that, the syrup 
is well mixed wdth the invertase yeast and kept at the proper temperature in the inversion 
tanks for the length of time permitted by the factory economics. In general, the apparent 
purity will drop from 80 to 10 in 12 to 15 hours and the inversion will amount to 60 or 70 
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per cent. The inverting ability o£ the build-up yeast is somewhat less than that of commer- 
cial infertase yeast prepared by specialists, but there is a substantial saving in cost. 

Standards Brands, Inc., holds patents for the production of special yeasts of 
high inverting power. 

Invertase of quite satisfactory quality has been extracted in our laboratory and 
methods for its use will be described in a subsequent section of this paper. This 
invertase has recently been used in making high-quality table syrup at one of our 
sugar factories. 

Manufacture of Syrups by Acid Inversion Process 


F'ormulas follow for making Table Syrup, Invert Syrup or Glucose, Hawaiian 
Sugar Honey, and Table and Cooking Molasses by the acid inversion method. 
Citric acid is used as the inverting agent in these formulas. The liasic formulas 
for each are quite similar. The dissolved sugar material is heated to the boiling 
point, the source of heat removed and sufficient citric acid is added for the required 
amount of inversion which takes place during the period the material remains at 
high temperature. Sodium bicarbonate (baking soda) is then added to partially 
neutralize the acidity and the mixture boiled until the desired concentration is 
reached as evidenced by the specified final boiling tem^ierature. 

Each formula calls for an amount of sodium bicarbonate slightly in excess of 
the citric acid used, as we have found that it will be sufficient to remove the strong 
acid taste from the syrup but not enough to im])air the taste from the use of too 
much soda. The pH before concentrating should be very close to 6.0. 

Up to the point of partial neutralization with soda, almost any type of container 
except copper can be used. After adding the soda the acidity is so reduced that the 
boiling to final density can be made in copper containers if desired. It is preferable 
to concentrate the syrup under vacuum to avoid local overheating and jiossible im- 
pairment of the color and flavor due to too much caramelization. A formula for 
a table syrup which has a lower density than the other jiroducts with an end point 
of 108° C. (227° F.) will give a very palatable syrup if concentration is carried 
out either in the open or under vacuum. 

All syrups if made in large batches should l)e run directly into the containers 
so that they will cool rather quickly. If finished syrup is to remain in a large kettle 
or tank for some length of time, provision should be made for its rapid cooling to 
protect the color and flavor, and when finally run into the containers the syrup 
should be reheated to about 175° F. to guard against mold growths. 


Table Syrup: 


The following proportions are those used for small-scale laboratory or home 
use, but they may be increased in the same proportion for large-scale u.se: 


10 pounds raw sugar 
2 quarts water 
1% ounces citric acid 
1 % ounces sodium bicarbonate 


10 pounds washed raw sugar 
2 quarts water 
% ounce citric acid 
% ounce sodium bicarbonate 


Dissolve the sugar in the water and heat to boiling. Remove from heat and stir 
in the citric acid which has been dissolved in a small amount of water. Keep at 
85° C or above for one half to three quarters of an hour or until an apparent purity 
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of about 45 is obtained on a sample diluted to 15-20'^ Brix. Stir in the sodium 
bicarbonate slowly and then boil with constant stirring to 108° C. (227° F.). If a 
little heavier syrup is desired, increase the final temperature one or two degrees. 
As a guide to operations on a large scale, the sugar should be dissolved in water 
and diluted to a density of about 65° Brix. The citric acid should produce a re- 
action of about pH 3.0-3. 2 for the inversion. After the inversion is completed 
the soda should give a reaction of alx>ut pH'6.0. If vacuum concentration is used 
the end point is about 8° above the boiling point of water at any given vacuum. 

Haicaiian Sugar Honey: 

A very palatalde and light-colored product that closely resembles commercial 
honey can be made from washed raw sugar and citric acid. 

10 pounds washed raw sugar 
2 quarts water 
% ounce citric acid 
% ounce sodium bicarbonate 

Dissolve the sugar in the water and heat to boiling. Remove from the heat and 
add the citric acid. Maintain the temperature at 85° C. (185° F.) or above for 
about 2y2 hours or until the pol reading is negative in a sample diluted to 15-20° 
Brix. Then carefully add the sodium bicarbonate and evaporate under vacuum, 
to avoid caramelization and to ])rotect the light color, until a boiling point elevation 
of 16° C. (29° F. ) is reached. Break vacuum and run into containers. The Brix 
by refractonieter is about 84°. 

Table and Coo king Molasses: 

This is a more highly flavored product than tal)le syrup and is made from ma- 
terial re])resenting the whole juice of the cane, in order to have it contain more of 
the flavor, color, mineral, organic and vitamin constituents than is obtainable when 
starting with raw, washed raw or refined sugar. 

.\ convenient starting point for this product is after the juice has been clarified 
and is leaving the factory evaporators. This syrup is then ]}artially inverted with 
citric acid to prevent crystallization at high density and then partially neutralized 
with sodium bicarbonate and finally evaporated to the desired density. The method 
of treatment would be as follows: 

Heat the syrup to about 100° C. While stirring add one ounce of citric acid 
per gallon of syru]). Keep the temperature at about 85° C. or slightly above until 
a sample diluted to 15-20° Brix shows an apparent purity of 45-50. Stop the heat 
and while still stirring add 1 y. ounces of sodium bicarbonate per gallon of original 
syrup. It will probably be necessary to heat this syrup again to 100° C. and allow 
it to settle for from 2-6 hours to remove any sediment which may l)e formed. Most 
of the suspended material will settle out and the clear supernatent liquor can be 
decanted. The settlings can be filtered or returned to process via the liming tank 
and settlers. The clear syrup should be evaporated to the desired density, prefer- 
ably under vacuum, with a boiling point elevation of 14° C. (25° F.). The density 
of the material made at the Station is about 84.3 refractonieter Brix. 

If the flavor of the product resulting from evaporator s}Tup is too strong, the 
batch may be made up before inversion using one-half evaporator syrup and one- 
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half raw sugar dissolved to the syrup density, or any other portions of raw or 
washed raw sugar may be used to obtain the desired flavor. 

Glucose Syrup or Invert Syrup: 

Glucose syrup is made by the inversion of all or nearly all of the sucrose. A 
longer time for more complete inversion of the sucrose to glucose is allowed than 
when making table syrups. Fairly complete inversion is accomplished by the fol- 
lowing procedure : 

10 pounds raw sugar 
2 quarts water 
I'Yi ounces citric acid 
1% ounces sodium bicarbonate 


Dissolve the sugar in the water and heat to boiling and add the citric acid. Keep 
at 85° G. (185° F.) or above for 5 hours or until a negative pol reading is obtained 
when a sample is diluted to 15-20° Brix. The closer the temperature is kept to 
100° C. (212° F.) the more rapid the inversion will be. When a negative reading 
is obtained stir in the sodium bicarbonate slowly as the mixture will foam consid- 
erably. It is best to do the final boiling under vacuum with a final temperature 
elevation of 16° C. or 29° F., as this material will caramelize very easily at the 
higher densities. 

CANDY FORMULAS 


Plain Fudge: 

(large batch) 

pounds raw or washed sugar 
2 quarts water 
ounce citric acid 


(small batch) 
pounds raw or washed sugar 
% pint water (IMj cups) 

gram citric acid (^ teaspoon or a little 
less than the amount you can heap on a 
dime) 


Dissolve the citric acid in the water and add the sugar. Heat and boil until a 
thermometer indicates a final temperature of 115.5° C., or 240° F. Cool to 65° 
C., or 149° F., then stir or beat until change to dull appearance occurs as it starts 
“sugaring.’’ Then quickly pour on a greased slab or pan. Cool and cut into 
squares. Flavoring may be added if desired after the final temperature has been 
reached. However, the original flavor of raw sugar changes during the l)oiling 
and the candy has a flavor re.sembling that of maple sugar. 


Chocolate Fudge: 

(LARGE BATCH) 

10 pounds raw sugar 
2 quarts water 
% ounce citric acid 
1^/4 pounds chocolate 


(SMALL BATCH) 
pounds raw sugar 
% pint water (1% cups) 

% gram citric acid (% level teaspoon) 
pound chocolate 


Dissolve the citric acid in the water and add the sugar and chocolate. Heat 
slowly to boiling and boil to 114° C., or 237° F. Cool to 63° C., or 146° F., then 
stir until change to dull appearance occurs and pour on greased marble slab or pan. 
Cool and cut into squares. If flavoring is to be added, put in when boiling is com- 
pleted. Nuts may be added just before pouring on slab. The amount of chocolate 
can be varied to suit individual taste. 
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Hard Candy: 

(large batch) 

10 pounds raw sugar 
1 gallon water 
^4 ounce citric acid 
1 level teaspoon salt 


(small batch) 

IVi pounds raw sugar 
1 pint water (2 cups) 

1 gram citric acid (’4 level teaspoon) 
% teaspoon salt 


Dissolve the citric acid in the water and add the sugar and salt. Heat slowly 
to boiling and boil to 147° C. (297° F.). Nuts may now be added and the mixture 
poured on a greased marl)]e slab or pan. Spread out thin with a spoon or spatula. 
Cool, break into pieces and store in airtight jars or moisture-])roof containers. 


Peanut Brittle: 

(LARGE batch) 

10 ])ounds raw sugar 
1 gallon water 
ounce citric acid 
1 level teaspoon salt 
114 .. ounces sodium bicarbonate 

0 pounds shelled, roasted or unroasted 
jieanuts 


(SMALL batch) 

1^45 pounds raw sugar 
1 pint water (2 cups) 

1 gram citric acid (V 4 level teaspoon) 
14 teaspoon salt 

1 level teaspoon sodium bicarbonate 
1 pound shelled, roasted or unroasted 
peanuts 


Dissolve the citric acid in the water and add the sugar and salt. Heat to boil- 
ing and boil to 147° C. (297° F.). stirring frequently to prevent caramelization. 
Remove from heat source and add the sodium bicarbonate (baking soda) and stir 
quickly and thoroughly. Now add the peanuts, mix thoroughly and ])our on a 
greased marble slab or pan. Spread out thin with a spoon or spatula. When cool, 
break into pieces and place in airtight or moisture-proof containers. 

Manufacture of Syrups by the Invertase Process 

If mill juice or crusher juice is used, it must be clarified by any of several 
methods and then evaporated to a density suitable for the inversion or to about 
37.5 to 40° Brix. Evaporator syrup can l)e used by either taking it off at a lighter 
than ordinary density or else it should be diluted with water or clarifiecl juice to 
the desired density. Raw sugar, washed raw sugar or the washings from washed 
raw sugar may be used. If raw or washed raw sugar is used, it is dissolved and 
diluted to the ])roper density. 

Several hours must be allowed for inversion. After sufficient inversion has 
taken place, the inverting action is stopped l)y heat or neutralization and the syrup 
is then evaporated to a heavy-bodied finished syrup. Under certain circumstances 
it may be necessary to filter the syrup before concentrating or to heat to 100° C. 
and allow to settle. The density of the solution, temperature, reaction and the 
amount and activity of the invertase determine the time required for the inversion 
and are the four important factors in the control of inversion in syrup making. 
The final sucrose purity desired is usually between 45 and 50. 

Density for Inversion: Invertase acts rapidly upon sucrose in dilute solutions, 
but in concentrated liquors the rate of its reaction is greatly reduced. It becomes 
materially reduced above 40° Brix and for the most satisfactory work the density 
should be about 36° Brix when tested at 58-60° C. 

Temperature for Inversion: The optimum temperature for inversion will vary 
slightly with different batches of invertase, but will usually be in the neighborhood 
of 55-60° C. (135° F.). Invertase is rapidly destroyed as the temperature is in- 
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creased above 60^, therefore the temperature should be held as near that point as 
possible but not above it. For practical operation the inverting tanks should be 
sufficiently insulated so that the temperature drop is not more than 10 degrees for 
the first 12 hours. The invertase should be added after the syrup has been heated 
to 60°. The syrup should be thoroughly mixed before and after adding the invert- 
ase. If it should be necessary to reheat during the course of inversion, it should 
never be with open steam coils and the syrup must be thoroughly stirred to prevent 
any local overheating. However, if invertase is added to a large volume of syrup 
in a well-insulated tank, the cooling will ordinarily be so slow that, for all prac- 
tical purposes, the temperature will remain high enough during the time necessary 
for the required amount of inverting action to take place. 

Reaction {pH) : Invertase exerts its greatest activity in a slightly acid solu- 
tion. The optimum reaction is usually at about pH 4.8 to 5.2. If the syrup is made 
by heating and skimming raw or crusher juice without the addition of lime, the 
natural acidity will be just about right for optimum inversion and no adjustment 
will be necessary. If clarified juice, syrup, or sugar is used the reaction must be 
adjusted to between pH 4.8 and 5.2. Any pure acid can be used for this purpose. 
Citric acid, being produced locally, can be used since the required reaction is not 
low enough and the temperature not high enough to cause damage to the equipment. 

Time for Inversion and Amount of Invertase: The time for inversion to take 
place and the amount of invertase required are dependent one upon the other, 
together with the factors already mentioned. Other factors remaining con.stant, 
the inversion will be faster with larger quantities of invertase. Conversely, the 
amount of invertase can be reduced if sufficient time is available for a slower inver- 
sion. Capacities are usually calculated to allow from 12 to 16 hours for inversion. 

If the activity of any particular ])atch of invertase is not known it should be 
determined under controlled temperature conditions. The following exaini)Ie will 
illustrate the activity of a batch of invertase prepared at the Station : 

Washed raw sugar syrup having a purity of 99.0 and a density of 38.6' refrac- 
tometer solids was used for this test. The activity was determined at varying re- 
actions and at different temperatures, /.c., reactions of pH 4.6, 5.0 and 5.4 and tem- 
peratures of 52, 58 and 64° C. Invertase was added at the rate of 1 ml. per |)ound 
of sugar in solution. The average drop in purity per hour at 58° C. was 5.6 at pH 
4.6, 5.5 at pH 5.0, and 5.0 at pH 5.4. This indicated the optimum reaction to ])e 
between pH 4.6 and 5.0. The average purity drop per hour for different tem])era- 
tures was 4.4 at 52°, 5.3 at 58° and 5.8 at 64°. While the indicated rate was higher 
at 64°, the tem|)erature was actually too high, for the bihourly figures showed that 
the invertase was being destroyed. The drop was 6.75 for the first two-hour period, 
5.8 for the second two-hour period and 5.0 for the third two-hour period. The 
figures actually showed that the optimum activity was obtained at a reaction of 
pH 5.0 and a temperature of 60° C. Under these conditions the average purity 
drop per hour was 6.0+ . 

From the above data the requirements for a 500-gallon tank of syrup can be 
estimated as follows: 500 gallons of syrup made from washed raw sugar at 38.5° 
^ rix and 98,5 purity would contain approximately 1840 pounds of sucrose or sugar 
in solution. If it is required that this be inverted from 98.5 purity to 48,5 purity 
the total purity drop is SO points. Under the conditions of the above test, 1 ml. of 
invertase per pound of sugar in solution at pH 5.0 and 60° C. would produce a 
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purity drop averaging about 6.0 points per hour. Therefore, if invertase were 
added in the same proportions and the temperature maintained at 60^ C., hours 
would be required. If 17 hours could be allowed for the inversion, the invertase 
requirement could be reduced to one half the quantity. The usual practice in syrup 
plants is to start the inversion about 4 :00 o’clock in the afternoon and allow it to 
proceed overnight for a total of about 16 hours. Allowing for a temperature drop 
of from 8 to 10 degrees, the amount of invertase could be reduced by about one 
quarter or from 1840 ml. to about 1400 ml. and the amount of inversion should 
still be sufficient. Inversion will be still more rapid if the density of the syrup is 
reduced to about 35° Brix, but at the same time this means more water to be evap~ 
orated. 

Directions for Inversion unth Invertase: Eva])orate clarified cane juice rapidly 
to about 35° Brix at the evaporator temperature or dilute finished syrii]), washed 
or unwashed raw sugar, to the same density and run it into the inversion tank. 
Adjust the reaction to pH 5.0 and the temperature to 60° C. (140° F.). Add the 
required amount of invertase to |)roduce the desired degree of inversion in the 
allotted time. Then mix thoroughly with air or by mechanical means. If the in- 
sulation is sufficient, the solution may be allowed to stand for the necessary time 
without further attention. If it is necessary to reheat during inversion it should 
not ])e done with an open steam coil and great care should be exercised to prevent 
any local overheating around the heating units. 

These instructions should be followed as closely as ])Ossible, but slight varia- 
tions will not greatly affect the results. For instance a variation of two or three 
degrees in Brix is permissible and a similar difference in temperature is allowable- 
Also the reaction range may vary from 4.6 to 5.2 ])H without affecting the results 
to a material extent. 

The course of the inversion should normally be followed by “]Hirity” or “poF' 
determinations about every three hours. This is not necessary except to determine 
the degree of inversion near the end of the cycle. However, such a routine if it 
can be followed will indicate whether inversion is })roceeding as it should and if not, 
allow the o])erator to correct the difficulty before too much time has been lost. If 
tile above conditions are maintained it should be ])ossible to reproduce the results 
from day to day with the same batch of invertase. It may be necessary to change 
the tem])erature or the reaction slightly for different batches of invertase. 

Inversion is stopjied either l)y heating to 75°-80° C. or fiy neutralization. Lime 
is the most economical neutralizing agent. Neutralization is optional ; the unneu- 
tralized syrup has a slightly sharper taste which some i)eople prefer. Neutraliza- 
tion tends to equalize the intensity of sweetness and flavor and produce a somewhat 
smoother |)roduct. 

Filtration: It will usually be found necessary to filter the syrup after inversion 
or to heat it and allow it to settle to secure a clear syru]). It may also be necessary 
to filter after final evaporation. The addition of a very small amount of phosphate 
in the form of Ammo-phos followed by lime to a reaction of about pH 7.6 effects 
a marked clarification and does not give any difficulty in the filtration after inver- 
sion has been completed and the syrup heated to 75-80° C. Filtration is jireferrecf 
to settling if the equipment is available. A second filtration is sometimes practiced 
after evaporation to final density. If filter aid is available it will materially assist 
filtration. 
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A secondary precipitation has occurred in some instances after the final syrup 
has stood for some time. The cause of this has not been definitely determined, but 
we have been informed from one source that this has been overcome by heating 
the heavy syrup to not over 7S^ C. 

Evaporation to Final Density: Evaporation may be accomplished under vacuum 
or by “open-kettle” boiling at atmospheric pressure. The choice at present would 
depend largely upon the equipment available. Evaporation under vacuum is more 
readily controlled and is conducive to a more uniform product. The two methods 
produce syrup with some differences in color and flavor; the open-kettle method is 
usually accompanied by some caramelization, is slightly darker in color and has a 
slightly sharper flavor. 

Density: The standard commercial density is about 72° Rrix. Some prefer 
a slightly lower or a slightly higher density. Samples of syru]) produced locally 
range from 69 to 75° Brix. Syrup does not readily ferment in warm weather at 
78-80° Brix, but proper canning or bottling is dei)ended upon to prevent fermenta- 
tion at densities around 70-72° Brix. Practically no fermentation has been ob- 
served in samples of locally produced table syrup. 

Purity: Reduction in apparent purity to between 50-55 is sufficient to prevent 
crystallization at a density of approximately 72° Brix, but if it is desired to carry 
the density at 78-80° Brix the jmrity should be reduced to about 45. 

Cooling Syrup: Syrup should not be placed in storage tanks while hot, but 
should be cooled somewhat during its passage from the evai)orators to the storage 
tanks. The temperature should be reduced to at least 180° F., or about 82° C., 
rather rapidly after evaporation if it has been concentrated by the open-kettle 
method to prevent any change in color or flavor. 

Canning Syrup: The canning of table syrup is, fortunately, not a difficult op- 
eration, l)ut the subject is worthy of more discussion than can be devoted to it here. 
It is fully covered in U.S.D.A. Bulletin 1370, 1925, ]). 58, in a section by W. L. 
Owen, from which the following is taken : 

Cane sirup may be preserved in cans [or bottles] with little chance of failure, if certain 
simple rules are observed. There are no great difficulties to be overcome, and there is no 
reason why, even with the simplest equipment, cane sirup can not be canned with minimum 
loss from spoilage. The three general conditions necessary are (1) to fill the can with sirup 
at the proper temperature [170° to 180° F.], (2) to obtain airtight closure of the can, and 
(3) to avoid long retention of heat by the sirup both before and after canning. 

Glucose or Invert Syrup Made tvith Invertasc: Complete inversion of all of 
the sucrose, to form glucose or invert sugar in the production of glucose or invert 
syrup, can be accomplished by the use of invertase in a manner similar to that just 
described. In order to produce a high quality of invert syrup it would be necessary 
to statt from washed raw sugar or even from refined sugar. Other steps in the 
process would not be greatly changed, except that the inversion would be carried 
to a minus ix)lariscope reading of about 17°. 

J|( 3^ sfc ](e 

U.S.D.A. Bulletin No. 1370, 1925, contains a compilation of valuable informa- 
tion on the subject “Sugar-Cane Sirup Manufacture” and can lie procured from 
The Supetintendent of Documents, Government Printing Office, Washington, 
D. C., for lO cents per copy. 
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Preparation of Invertase for Syrup Making 

Invertase with reasonable inverting power (activity) may be prepared from 
ordinary compressed yeast as follows : 

Method in Brief: Break up five pounds of compressed yeast into a wide- 
mouthed container. Add 30 ml. of chloroform, cover with a cloth and allow to 
stand for 36 to 48 hours at room temperature. This mass is then filtered and the 
filtrate stored in a refrigerator. If a refrigerator is not available, toluene may be 
poured on top to form a layer of about inch. 

Details of Method: The following details have been learned from our expe- 
rience in the Station laboratory and may be of some value. 

Invertase with quite satisfactory activity has been prepared from compressed 
yeast produced in the Station’s pilot plant. 

The chloroform should be quite well distributed over the surface of the yeast. 
It may even be mixed into the yeast with a stirring rod or stick although this is not 
necessary. 

After a varying length of time the mass begins to liquify and become fluid. 
This time varies from an hour and a half up to five or six hours and seems to 
de[)end upon the age of the yeast and the temjierature. At this stage the entire 
mass should be gently stirred and mixed to lireak up lumps and form a uniform 
mixture. Also at this stage the mass may foam or froth considerably and if not 
watched or if in too small a container a large portion ma}* be lost. Foaming over 
can be prevented by gently stirring down the foam occasionally. Too vigorous 
stirring of the entire mass may cause more foaming. 

When the first vigorous frothing has ceased, add about 200 ml. of water and 
gently mix into the mass and allow it to stand. There is usually then no further 
danger of foaming over. 

Use a container of ample size to allow for from three to five times the volume 
occupied by the crumbled yeast. A wide container with wide mouth is preferable. 
An earthenware crock is suitable. At the Station a four-gallon enameled ware 
cooking ])ot with a ratio of 1:1 or 1 :3 diameter to height is used for five-pound 
lots of yeast, a six-gallon container for ten-pound lots and a ten-gallon container 
for 20-pound lots. 

The procedure at the Station is to mix the yeast and chloroform about noon, 
then the dangerous stage of frothing is over by closing time and the mass is allowed 
to stand until the second morning following when filtration is started. 

A number of methods have been tried in attempting to effect a rapid separation 
of the liquid from the mass of yeast cells, for this filtration is very slow. Attempts 
with suction, |)ressure or centrifuge have not been satisfactory. The following 
procedure is now used : Six to a dozen flasks with 6-inch funnels are fitted with 
8- to 12-inch fluted filter papers. A cheap grade of coarse filter paper is permis- 
sible. These are filled and allowed to drain most of the day. The material remain- 
ing on the filter papers is poured back into the original container, the funnels fitted 
with new jiapers are again filled and these are allowed to drain overnight. The 
same procedure is followed the next morning if necessary, or, until the entire mass 
is filtered. The heavy mass remaining on and clinging to the filter paper with the 
paper itself is accumulated in a separate container. To this is added a volume of 
water equal to the volume of filtrate which was extracted and about 10 ml. of chlo- 
roform. The mass of yeast and filter paper is broken up and stirred into a homo- 
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geneous mass, allowed to stand overnight and filtered in the same manner as the 
Griginal material. This filtrate is mixed with the main filtrate and placed in the 
refrigerator. 

The filtrate, of course, contains the invertase. It may be further purified and 
concentrated, but this is a long tedious process and appears unnecessary for present 
purposes. The activity (inverting power) of this crude invertase is not as high as 
the commercial product purchased on the market, but it serves as a very good sub- 
stitute under present conditions. The optimum temperature and reaction may vary 
somewhat in different batches. Therefore, it seems preferable to prepare fairly 
large batches and then determine the optimum temperature in the laboratory and 
apply these findings in the plant. 

An example of the activity of a batch of about 20 liters of crude invertase pre- 
pared in this laboratory follows : 

Washed raw sugar syrup at 99^ refractometer purity and 38.6° refractometer 
solids was used in the test. Invertase was added in the proportion of 1 ml. per 


pound of sugar. 

Different reactions at a Different temperatures at 

temperature of 58® C. a reaction of pH 5.0 

Purity drop /■ pH ^ ^ T® C~ 

4.6 5.0 5.4 52 58 64 

2 hours 11.6 11.2 11.3 9.1 11.4 1.3.5 

4 hours 22.4 22.4 21.6 17.6 22.4 25.2 

6 hours 32.6 32.6 30.1 25.5 32.1 35.2 

Average drop per hour .... 5.5 5.5 5.0 4.3 5.4 5.8 


These figures show little difference in the activity at reactions of pH 4.6 or 3.0, 
but do indicate a slight dropping off at pH 5.4. The figures show a decided increase 
in activity with increased temperature from 52° to 64° for the first two>hour period, 
but the increase is not sustained at 64° for the 4- and 6-hour j^eriods, and indicate 
that 64° C. is somewhat too high for this invertase. The optimum conditions for 
this batch would then be a reaction of pH 5.0-5.2, (maintaining the higher reaction 
to conserve acid and reduce corrosion of equipment) with a temperature of 60° C. 
These conditions should then give a purity drop of about 6 points per hour. With 
these data the necessary amount of invertase to invert a given amount of sugar in 
a given time could be estimated, or conversely, the time interval required for a 
given amount of sugar and a given amount of invertase could be calculated. 

Proper temperature control is the most important factor in obtaining the maxi- 
mum activity in inversion with invertase. The invertase should l)e added to the 
syrup after the syrup has been brought to the desired temperature, and if it is 
necessary to apply heat during the course of the inversion it should not be from 
open steam coils and care should be taken to insure thorough mixing to prevent 
local overheating. 

The subject of invertase preparation has not been given a great deal of study at 
the Station and, doubtless, the method and technique herein described can be con- 
siderably improved. However, invertase prepared as above has been used to pro- 
duce a very satisfactory syrup and definite progress is being made toward filtration 
of the treated yeast in a filter press. 

!Eeferences on Inv^tase Preparation: 

Handbook of Sugar Analysis — ^Browne, C. A., 1st Edition, pp. 669-670, 1912, 

Sugar Analysis— Browne, C. A., & Zerban, E. W., 3rd Edition, pp. 428-437, 1941. 
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The Synthesis of Sucrose in the Sugar Cane Plant* — I 


By Constance E. Hartt 

In providing for its own nourishment and the growth of its own body, the noble 
sugar canc plant is wont to carry its sugar in transit and in storage in the superior 
form of sucrose. In recent years, however, the sugar canes cultivated in Hawaii do 
not seem to he maintaining as high a standard in this respect as formerly but are 
inclined to carry more and more of their sugar in the form of glucose and its coun- 
terpart fructose. As a result of this delinquency, the trend in the quality of our 
sugar cane juices is doivnward and we are unable to rccozfcr as much sucrose there- 
from as wc desire. Since zve have proved that the formation of glucose precedes the 
formation of sucrose in the sugar cane plant, studies to determine the factors in- 
fluencing the conversion of glucose to sucrose may point the way to means of im- 
proving the quality of our sugar cane juices. 

The transformations of sugars in the leaves of plants have been studied by sev- 
eral investigators. Russian physiologists have been particularly active, arid many 
of their results have recently been summarized (49)'\. Other investigators active in 
this field include Tirtanen and Nordlund (83), Nurrnia (ni\^ Nordlund) (65), 
Leonard (51) , and Hassid (36, 58). No attempt zaill be made to rezdezo their results 
in this report, but their zeorks are cited for the benefit of anyone who might zaish 
to learn the scope of the inz'cstigations being carried on elsezvhcrc in this particular 
field of research. 

Our studies of the synthesis of sucrose by excised blades of sugar cane have 
been carried on ozun' a period of more than five years and tzeo reports (33, 35) have 
already been published. Our investigations are not yet completed, but it seems ad- 
visable at this time to record our progress to date in permanent form. For the sake 
of convenience, this report is divided into four parts. The first deals zaith sugar 
transformations /;/ separate organs, entire stalks, and entire plants; also zaith time, 
temperature, chlorophyll, aeration and mutilation. The second part deals zvifh the 
effects of several inorganic and organic compounds. The third part deals with spe- 
cific inhibitors. The fourth part deals zHth the interrelationships of the factors 
treated in the first three parts and an attempt is made to explain the sequence of 
events in the synthesis of sucrose. 

The results lead to the conclusion that the formation of sucrose fits into the gen- 
eral scheme of carbohydrate metabolism already established by the studies of Cori 
(10-12), Hanes (29), and others. Because inhibiting the formation of fructose 
diphosphate inhibits the formation of sucrose, zehereas inhibiting the breakdozm 
of fructose diphosphate increases synthesis, zee are led to conclude that fructose 
diphosphate is a stepping stone in the formation of sucrose by the sugar cane plant. 

* Presented in part as a presidential address to the Hawaiian Botanical Society, Decem- 
ber 1, 1941, Honolulu, Hawaii. 

t Numbers in parentheses refer to literature citations at the end of the fourth part of this 
paper. 
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The Hawaiian sugar cane varieties 109 and 32-8560 were used in this investi- 
gation, Tests showed that these varieties are equally suitable for these studies. In 
the experiments using blades, the plants were grown in the field at the Experiment 
Station and had received optimum fertilisation and irrigation. In the experiments 
using roots, the plants were grown in complete nutrient solution and with aeration 
in tanks of approximately 25 gallons capacity. Blades zoerc cut from the plants in 
the morning, and zvere alzvays taken from the same position on the plant. Generally 
eight blades were used in each series. Roots were shaved from stems, zvashed, dried 
in a centrifuge, and weighed — these procedures being conducted uniformly for each 
experiment. 

Samples of blades and roots were ground at once and preserved for analysis, 
these samples being designated initial controls.'' The other scries zvere placed in 
their respective solutions, in a constant temperature room in absolute darkness. 
After the experimental period, generally 24 hours, they were zvashed, dried, ground, 
and sampled. 

The methods of sampling and analysis zvere the same as those preznously de- 
scribed (35). 

All of the results of the moisture determinations are expressed as percentages 
on the zvet-weight basis; all of the results of the sugar determinations are expressed 
as percentages on the dry-zveight basis unless otherzvise specified. 

PART I 

The Interconversion of Glucose and Fructose and the Formation of 
Sucrose in Detached Organs of the Sugar Cane Plant 

1. The formation of sucrose from glucose: 

Many tests have been conducted in which blades detached from the |)lant have 
been placed with their cut ends in five per cent solutions of glucose. The blades 
absorb some of the glucose and increase in percentage of sucrose. The results of a 
typical test are recorded in Table I which shows that blades supplied with glucose 
gained considerably more sucrose than reducing sugars. This gain in sucrose is 
considered to he an actual Synthesis of sucrose from the glucose supplied, rather 

TABLE I 

MOISTURE AND SUGAR PERCENTAGES OP BLADES SUPPLIED WITH 5% 

GLUCOSE FOR 24 HOURS 


Series Moisture Reducing sugars Sucrose Total sugars 

Initial control 68.07 ± 0.076 0.817 ± 0.027 2.006 ± 0.014 3.876 ± 0.012 

5% glucose 63.61 ±0.024 1.820 ± 0.029 6.452 ± 0.006 8.612 ± 0.036 


than a rearrangement of the carbohydrates already within the blades, because simi- 
lar blades supplied with an inorganic solution of the same osmotic concentration as 
the glucose showed no increase in sucrose (33). 

The formation of sucrose from glucose can also take place in sheaths, as shown 
in Table II. The blades and sheaths mentioned in Tables I and II were taken from 
the same stalks at the same time, and the results may therefore be compared. A con- 
venient methotd of comparison is afforded by the synthetic efficiency, which is the 
percentage of glucose absorbed that is converted into sucrose. The synthetic effi- 
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TABLE II 

M0I8TUKE AND SUGAR PERCENTAGES OF SHEATHS SUPPLIED 
WITH 5% GLUCOSE FOR 24 HOURS 


Series Moisture Reducing sugars Sucrose Total sugars 

Initial control 75.66 ± 0.195 3.715 ± 0.001 7.777 ± 0.019 11.900 ± 0.002 

5% glucose 74.62 ± 0.257 3.986 ± 0.002 9.870 ± 0.067 14.380 ± 0.071 


ciencies of these blades and sheaths, calculated from Tables I and II, are found in 
Table III. Although the sheaths gained less total sugar and sucrose than the blades, 
the process of synthesis operated fully as well, in fact better, in the sheaths than in 
the blades. 

TABLE III 

THE SYNTHETIC EFFICIENCY OF BLADES AND SHEATHS, 
CALCULATED FROM TABLES I AND II 


Gain in Gain in Sjnithetic 

Series total sugar % sucrose % efficiency 

Blades 4.737 3.547 74.87 

Sheaths 2.480 2.100 84.67 


The formation of sucrose from glucose was also studied in the stem. The upper 
portion of the stem was used, from which all leaves were removed. A wild variety 
of sugar cane, Sacharnm robustum (Molokai 1293) from New Guinea, was used 
in these tests, because the cultivated or noble canes already contain so much sugar 
that they cannot absorb any more. The results are presented in Table IV. The 
synthetic efficiency of the stems was 45.31. It is evident that sucrose can be made 

TABI.E IV 

MOISTURE AND SUGAR PERCENTAGES IN STEMS SUPPLIED 
WITH 10% GLUCOSE FOR 48 HOURS 


Scries Moisture Reducing sugars Sucrose Total sugars 

fnitial control 82.16 ±: 0.410 5.139 ±: 0.256 5.23 ±: 0.067 10.64 ih 0.181 

10% glucose 83.78 ± 0.105 6.810 ± 0.032 6.68 ± 0.048 13.84 ± 0.029 


from glucose in the stem of sugar cane, l)ut that this process is not as efficient in 
the stem as in the blade and sheath. 

The results of studies with entire stalks are presented in Table V. Stalks of 
variety Saccharuin robustum (Molokai 1293), age lyi years, were cut at the joint 


TABLE V 

MOISTURE AND SUGAR PERCENTAGES IN ENTIRE STALKS OF SACCHARUM 
ROBUSTUM, SUPPLIED WITH 10% GLUCOSE FOR 48 HOURS 


Series 

Moisture 

Reducing sugars 

Sucrose 

Total sugars 

Blades: 

Initial control 

... 66.67 ±0.091 

0.671 ± 0.018 

1.175 ± 0.019 

1.808 ± 0.039 

10% glucose 

. . . 66.40 ± 0.835 

1.089 ± 0.050 

3.096 ± 0.187 

4.349 ± 0.247 

Sheaths: 

Initial control 

. . . 77.46 ± 0.162 

1.925 ± 0.251 

1.803 0.091 

3.824 ± 0.347 

10% glucose 

. . . 76.82 ± 0.386 

2.779 ± 0.266 

6.368 ± 0.021 

8.430 ± 0.288 

Stems: 

Initial control 

... 82.16 22 0.410 

6.139 ± 0.256 

6.23 ±0.067 

10.64 ±0.181 

10% glucose 

... 76.78 ±0.696 

6.631 ± 0.408 

12.68 ±0.720 

18.78 ± 0.353 
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at which the lowest living green leaf was attached, and were placed in 10 per cent 
solutions of glucose. There were three stalks per series, and each series was run in 
duplicate. The results in Table V are the averages of these duplicate series. After 
48 hours the blades, sheaths, and stems were separated and sampled. The percentage 
of sucrose more than doubled in all three organs. The question arises, as to whether 
the increase in sucrose in the stem is due to synthesis in situ or to translocation from 
the leaves. This question may be answered by reference to Table IV, in which ex- 
cised stems of the same plants as those in Table V were used. The results with 
excised stems show that sucrose can be synthesized from glucose in the stem, but 
the amount made in that way by no means accounted for all of the increase in su- 
crose in the stems of the entire stalks. Therefore both synthesis in situ and trans- 
location from the leaf are involved in the storage of sucrose in the stern. 

The absorption of glucose and formation of sucrose were next studied in entire 
plants. For this purpose we used plants of 2-4 months of age, which had been 
grown in complete nutrient solution. The plants were placed with their roots in 
five per cent solutions of glucose for 48 hours, with fresh glucose supplied after 24 
hours. The results of a typical test with three plants per series are recorded in 
Table VI, which shows that the roots absorbed glucose and made sucrose. In the 

TABLE VI 

MOISTUBE AND SUGAR PERCENTAGES IN ENTIRE PLANTS 
kSUPPLIED with 0 % GLUCOSK FOR 48 HOURS 


Series 

Moisture 

Reducing sugars 

Sucrose 

Total sugars 

Blades: 



Initial control 

.... 73.81 ± 0.100 

2.227 ± 0.007 

4.196 ± 0.000 

6.643 ± 0.006 

5% glucose 

Sheaths: 

73.80 ± 0.100 

3.792 ± 0.003 

2.390 ± 0.001 

6.308 ± 0.001 

Initial control 

82.37 ± 0.088 

7.154 ± 0.006 

8.867 ± 0.057 

16.488 ± 0.065 

5 % glucose 

Stems: 

79,81 ± 0.029 

10.151 ± 0.013 

5.762 ± 0.017 

16.217 ± 0.031 

Initial control .... 

84.47 0.081 

9,863 ± 0.048 

21.113 ± 0,009 

32,087 ± 0.058 

5% glucose 

Roots : 

82.96 ± 0.038 

9.796 It 0.030 

22.804 ± 0.056 

33.799 ± 0.089 

Initial control 

88.99 ± 0.024 

4.427 ± 0.120 

6.439 ± 0.086 

11.204 ± 0.211 

5% glucose 

.... 88.50 ± 0.091 

8.097 ± 0.016 

10,639 ± 0.048 

19.296 ± 0.035 


blades and sheaths there were no gains in sucrose, afid in the stems the gain in su- 
crose was much smaller than in the roots. The failure of the tops to gain in sucrose 
was typical of these experiments with entire plants, whereas when stalks were used, 
considerable increases in sucrose occurred in blades, sheaths, and stems, as shown in 
Table V. It would seem that translocation of sugar from roots to stems was hin- 
dered in some way. Since it is well known that roots ordinarily obtain their supply 
of sugar from the tops, these results suggest the existence of polarity in transloca- 
tion of sugar from tops to roots. 

The data recorded in Table VI may be taken to indicate that the synthesis of 
sucrose from glucose can take place in roots. To study this question further, an 
experiment was conducted in which both attached and detached roots were used. 
The results are presented in Table VII. Since the attached roots made considerably 
more sucroae than the detached roots, it was concluded that some substance essen- 
tial for syniftesis was from the tops to the roots (34). Studies of the effects 
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of aeration, of vitamins, and of hormones were therefore undertaken, and are de- 
scribed elsewhere in this report. 

TABLE Vir 

MOISTURE AND SUGAR PERCENTAGES IN ATTACHED AND DETACHED 
ROOTS SUPPIHED WITH 5% GLUCOSE FOR 48 HOURS 


Series Moisture Reducing sugars Sucrose Total sugars 

Initial control 90.27 ± 0.219 0.275 ± 0.029 2.539 ± 0.053 2.948 ± 0.085 

Attached roots 90.26 ± 0.1.38 3.291 ± 0.060 4.214 ± 0.088 7.728 ± 0.032 

Detached roots 90.89 ± 0.052 7.113 ± 0.019 2.803 0.037 10.064 ± 0.020 


The experiments already described lead to the conclusion that the formation of 
sucrose from glucose can take place in blades, sheaths, stems, and roots of the sugar 
cane plant, when sup[)lied with glucose. This process takes place in absolute dark- 
ness. To compare this process with the formation of sucrose in photosynthesis, de- 
tached blades were placed in water in sunlight for Wyi hours, and similar blades 
were sup])lied with 10 ])er cent glucose in the dark for the same length of time. For 
tin’s test, blades were taken from different levels on the plant. Counting the leaf 
with the highest visible ligule as leaf number 1, our routine method is to use leaves 
1 and 2 in these studies. For this particular test, we compared leaves 1 and 2 with 
older leaves, numbers 7 and 8. The results are recorded in Table VIII. Blades 7 and 
8 increased in sucrose more than blades 1 and 2, whether by photosynthesis or by 
synthesis in the dark. The difference was about the same: by photosynthesis, 0.493 ; 
and l)y synthesis in the dark. 0.(544. This is in agreement with the theory that the 
synthesis of sucrose takes place by the same mechanism whether the glucose is sup- 
plied artificially as in these tests or naturally by the ])rocess of photosynthesis. Fur- 
ther evidence that we are dealing with the natural process of sucrose formation is 
afforded by other exi)eriments in this report. 

TABLE VIII 

MOISTURE AND SUGAR T’EROENTAGES IN DETACTIED BLADES IN WATER 
IN SUNLIGHT, AND IN BI.ADES SUPPLIED WITH 10% 


GLUCOSE IN THE DARK, FOR llVi HOURS 

Gain in 

Scries Moisture Reducing sugars Sucrose sucrose Total sugars 

Initial controls: 

Bla<les 1 v't 2 73.01 ± 0.057 1.621 ± 0.010 3.913 ± 0.(136 5.740 ± 0.028 

Bl.ades 7 & 8 72.60 ± 0.062 1.467 ± 0.055 3.942 ± 0.027 5.617 ± 0.026 

Wat er in sunlight : 

Blades 1 & 2 69.48 ± 0.062 2.229 ± 0.012 6.546 ± 0.003 2.632 9.118 ± 0.016 

Blades 7 & 8 69.58 ± 0,281 2.233 ± 0.028 7.067 ± 0.0l3 3.125 9.673 ± 0.014 

Glucose in darkness: 

Blades 1 & 2 70.89 ± 0.033 2.853 ± 0.001 6.154 ± 0.012 2.241 9.331 ± 0.014 

Blades 7 & 8 70,01 ± 0,024 3.829 ± 0.039 6.827 ± 0.024 2.885 11.016 ± 0.064 


2, Time and the formation of sucrose: 

Detailed studies of time and the formation of sucrose from glucose or fructose 
have already been published (35). The hourly formation of sucrose in blades sup- 
plied with glucose is depicted in Fig. 1, and in blades supplied with fructose in Fig. 
2. The percentage of cane sugar increased considerably more than the percentage 
of simple sugars, although the blades were supplied with simple sugars. These 



% SUGAR IN blades % SUGAR IN BLADES 


118 








119 


curves are very similar to curves obtained in studies of fluctuations of sugars in at- 
tached blades in the open during the day and the night (32). 

The daily formation of sucrose in sugar cane blades supplied with glucose is 
shown graphically in Fig. 3. The percentage of sucrose increased for nearly two 
weeks, yet the percentages of glucose and fructose showed only minor fluctuations. 



Fig. 3 
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The time of day when the leaves are taken from the plant is another factor af- 
fecting synthesis. In all routine tests the leaves are taken between eight and nine 
b^clock in the morning. To determine whether there is a diurnal fluctuation in the 
mechanism of synthesis, blades were taken one day at 9 a.m. and 9 p.m., and another 
day at 4 :30 a.m. and 4 :30 p.m. All the blades remained in 5 per cent glucose for 
exactly 24 hours. The results are presented in Table IX. The gain in total sugar 
and sucrose and the synthetic efficiency, calculated from Table IX, are shown in 
Table X. The formation of sucrose from glucose, fructose, or both glucose and 
fructose was least efficient in blades taken at 9 p.m. This was not due to lack of 
light, because blades taken at 4:30 a.m. were as efficient as blades taken in the day- 
light hours. 

TABLE IX 


MOI3TUEE AND SUGAR PERCENTAGES IN BLADES TAKEN AT DIFFERENT 
TIMES OF THE DAY AND SUPPLIED WITH 5% GLUCOSE 
OR FRUCTOSE FOR 24 HOURS 


Series 

Initial control; 

Moisture 

Reducing sugars 

Sucrose 

Total sugars 

9:00 a.m 

. . 72.38 ± 0.14.*! 

0.929 ± 0.010 

2.902 ± 0.016 

3.983 ± O.OOC 

4:30 p.m. . 

. . 70.58 ±0.110 

1.098 ± 0.017 

6.145 ± 0.027 

6.614 ± 0.045 

9:00 p.m 

. . 72,06 ± 0.038 

1.017 ± 0.010 

4.034 ± 0.027 

6.263 ± 0.018 

4:30 a.m 

. . 72.09 ±0.057 

1.041 ± 0.012 

2.704 ± 0.013 

3,888 ± 0.027 

Supplied with glucose: 
9:00 a.m 

. . 70.85 ± 0.038 

1.625 ± 0.001 

6.091 ± 0.001 

7.987 ± 0.003 

4:30 p.m 

. . 69.69 ± 0.019 

1.395 ± 0.013 

7.268 ± 0.008 

9.036 ± 0.005 

9:00 p.m 

. . 72.13 ± 0.119 

1.650 ± 0.003 

5.777 ± 0.001 

7.731 ± 0.005 

4:30 a.m 

. . 69.92 ± 0.086 

1.359 ± 0.001 

6.000 ± 0.002 

6.622 ± 0.003 

Supplied with fructose: 
9:00 a.m. 

. . 71.08 ±0.110 

1.296 ± 0.008 

4.942 ± 0.024 

6.499 ± 0.017 

4:30 p.m 

. . 69.12 ±0.024 

1.500 ± 0.000 

7.410 ± 0.008 

9.300 ± 0.008 

9:00 p.m 

. . 71.58 ± 0.086 

1.473 ± 0.006 

6.021 ± 0.011 

7.811 ± 0.006 

4:30 a.m 

. . 70.39 ± 0.043 

1.283 ± 0.026 

6.238 ± 0.018 

6.798 ± 0.045 

Supplied with glucose 
and fructose : 





9:00 a.m 

. . 69.84 ± 0.091 

1.138 ± 0.002 

5.677 ± 0.011 

7.114 ±0.014 

4:30 p.m 

. . 68.19 ± 0.024 

1.386 ±0.010 

7.698 ± 0.021 

9.384 ± 0.033 

9:00 p.m 

. , 71.33 ± 0.000 

1.320 ± 0.006 

6.026 ± 0.004 

7.663 ± 0.010 

4:30 a.m 

. . 70.51 ± 0.000 

1.256 ± 0.003 

4.799 ± 0.012 

6.307 ± 0.010 


TABLE X 

GAINS IN SUGARS AND SYNTHETIC EFFICIENCY IN BLADES TAKEN AT 
DIFFERENT TIMES OF THE DAY AND SUPPLIED WITH 5% GLUCOSE 
OR FRUCTOSE FOR 24 HOURS, CALCULATED FROM TABLE IX 


Gain in total Gain in Synthetic 
Series sugar % sucrose % efficiency 

Supplied with glucose: 

9:00 a.m 3.954 3.189 80.65 

4:30 p.m 2.521 2.113 83.81 

9:00 p.m 2.468 1.743 70.62 

4:30 a.m 2.734 2.296 83.97 

Supplied with fructose : 

0:00 a.m. : 2.516 2.040 81.08 

4:30 p.m. 2.786 2.265 81.29 

9:00 p.m. 2.548 1.987 77.98 

4:30 a.m, 2.910 2.534 87.07 
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Supplied with glucose + fructose: 


9:00 a.m 3.131 2.775 88.62 

4:30 p.m 2.870 2.453 85.47 

9:00 p.m 2.400 1.991 82.95 

4:30 a.m 2.419 2.095 86.60 


The percentages of glucose and fructose are recorded in Table XI which shows 
that the series given glucose at 9 a.m. made fructose, but the series given glucose at 
9 p.m. accumulated glucose and lost fructose. It would seem that the blades taken 

TABLE XI 

FRUCTOSE AND GLUCOSE PERCENTAGES IN BLADES TAKEN AT DIFFERENT 
TIMES OF THE DAY AND SUPPLIED WITH 5% GLUCOSE 
OR FRUCTOSE FOR 24 HOURS 

Gain in Gain in 


Series 

Initial control: 

Fructose 

fructose 

Glucose 

glucose 


. . 0.764 ± 0.005 


0.165 ± 0.005 



. . 0.652 ±: 0.022 


0.365 ± 0.012 


Supplied with glucose: 

. . 1.004 ± 0.066 

0.240 

0.521 ± 0.065 

0.356 


. . 0.484 ± 0.025 

—0.168 

1.166 ± 0.021 

0.801 

Supplied with fructose: 

9 a.m 

. . 0.663 ± 0.025 

— o.ni 

0.643 ± 0.034 

0.478 

9 p.m 

. . 0.649 ± 0.001 

— O.OOIl 

0.823 ± 0.007 

0.458 

Supplied with glucose + fructose: 

9 a.m 

. . 0.682 ± 0.048 

—0.182 

0.556 ± 0.051 

0.391 

9 p.m 

. . 0.998 ± 0.004 

0.346 

0.325 ± 0.004 

—0.040 


at 9 p.m. had difficulty in converting glucose to fructose. When given fructose, how- 
ever, they made glucose, which may explain why their synthetic efficiency when 
given fructose was higher than when given glucose at 9 p.m. 

These results suggest that some component of the mechanism of conversion of 
glucose to fructose and formation of sucrose is less active in lilades detached from 
the plant at night than in blades detached from the [dant during the day, but that 
this com])onent is active again in blades detached from the plant in the early morn- 
ing l)efore dawn. Darkness itself is not the controlling factor, because all these 
tests are conducted in total darkness, and the results in Fig. 3 show that blades can 
continue to make sucrose from glucose when kept in total darkness for two weeks. 
This component may be used u]) or bound during the day and resupplied or released 
during the night, or there may l)e a “circulation” of the component into and out of 
the l)lade. In this connection the diurnal migration of phosphorus from bean leaves 
studied l)y Biddulph (4) is highly suggestive. Biddulph found no migration of 
phosphorus from 7 p.m. to midnight, and that the migration of phosphorus both 
into and out of the leaf was accelerated in the early morning l)efore dawn. 

3. Temperature and the formation of sucrose: 

Detailed studies of the effect of temperature upon the interconversion of glucose ‘ 
and fructose and the formation of sucrose have already been published in full (35). 
The effect of temperature upon the daily percentages of sugars in sugar cane blades 
supplied with glucose is graphed in Fig. 4, and in blades supplied with fructose in 
Fig. 5. At 6°C. the blades absorbed the sugar supplied but there was little conver- 



122 


sion to the other reducing sugar and little formation of sucrose. But at 20°C. most 
of the sugar absorbed was converted into sucrose. At 30°C. and 40°C. there was a 
greater accumulation of sucrose than at the lower temperatures, and also both glu- 
cose and fructose accumulated. The higher temperatures increased the absorption 
of sugar, as shown by the percentages of total sugars. The synthetic efficiency was 



Fig. 4 
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best at 30°C. These results show that temperature affects the absorption of sugar, 
the interconversion of glucose and fructose, and the formation of sucrose. 

4. Chlorophyll and the formation of sucrose: 

Partially and completely albino stalks occasionally develop in stools of cane in 
the field. One completely albino stalk and one green stalk from the same stool of 
cane, variety POJ 2878, were used in a test reported in 1937 (33), which showed 
that albino blades can make sucrose from glucose exactly as well as green blades. 



TIME. IN DAYS 

Fig. 5 


This experiment was repeated using Idades from six all)ino stalks and six green 
stalks, using cross No. 5128. In one test the blades were supplied with glucose and 
in another test, using ratoons, they were supplied with fructose. The results are pre- 
sented in Table XII. The synthetic efficiencies of the blades supplied with glucose 
were as follows t albino, 70.74 ; green, 55.61. The synthetic efficiencies of the blades 
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TABLE XII 


MOISTURE AND SUGAR PERCENTAGES IN ALBINO AND GREEN BLADES 
OP CROSS NO. 5128, SUPPLIED WITH GLUCOSE OR FRUCTOSE FOR 24 HOURS 


Series 

Initial control : 

Moisture 

Reducing sugars 

Sucrose 

Total sugars 

Albino 

. 70.98 ±0.224 

0.976 ± 0.040 

1.092 ± 0,030 

2.124 ± 0.008 

Green 

. 77.06 ±0.200 

1.029 ± 0.005 

2.027 ± 0.022 

3.163 ± 0.028 

Supplied with glucose: 
Albino 

, 78.25 ± 0.219 

3.637 ± 0.011 

7.150 ± 0.065 

10,687 ± 0.053 

Green 

. 76.14 ± 0.358 

6.020 ± 0.084 

8.723 ± 0.035 

15.202 ± 0.121 

Initial control : 





Albino 

. 71.20 ± 0.029 

0.952 ± 0.003 

1.311 ± 0.001 

2.332 ± 0.003 

Green 

. 68.58 ± 0.057 

0.657 ± 0.033 

4.630 ± 0.035 

5.431 ± 0.004 

Supplied with fructose: 
Albino 

. 68.65 ±0,296 

2.005 ± 0.031 

2.772 ± 0.076 

4.923 ± 0.049 

Green 

. 63.91 ± 0.224 

2.966 ± 0.014 

5.012 ± 0.033 

8.242 ± 0.049 


supplied with fructose were as follows: albino, 56.39; green, 13.59. The albino 
blades made sucrose even better than the green blades. 

The synthetic efficiencies of the green blades are the lowest ever obtained with 
apparently normal green blades in the absence of inhibitory substances. No exf)la- 
nation can be offered except that a new cross was used. 

Since blades totally lacking in chlorophyll can make sucrose from either glu- 
cose or fructose, it is obvious that chlorophyll plays no part in the synthesis of 
sucrose. Roots are also totally devoid of chlorophyll, but excised roots readily make 
sucrose when aerated, a point to be discussed in another section. Since neither 
chlorophyll nor light is required for the formation of sucrose, the process of the 
synthesis of sucrose must be distinct from photosynthesis, which, however, is essen- 
tial for it supplies the raw materials for the formation of sucrose. 

In another experiment, etiolated shoots of variety H 109 were used instead of 
albino blades. The percentages of moisture and sugars are presented in Table XI 11, 
the gains in sugars and the synthetic efficiencies in Table XIV, and the percentages 
of fructose and glucose in Table XV. It is true that the etiolated shoots made 

TABLE XIII 

MOISTURE AND SUGAR PERCENTAGES IN ETIOLATED SHOOTS SUPPLIKU 
WITH GLUCOSE OR FRUCTOSE FOR 24 HOURS 


Series Moisture Reducing sugars Sucrose Total sugars 

Initial control 88.78 ± 0.009 10.142 ± 0.092 3.16 ± 0.052 13.46 ± 0.038 

Glucose 86.70 ± 0.253 11.203 ± 0.077 4.46 ± 0.000 16.88 ± 0.070 

Fructose 86.98 ± 0.081 11.799 ± 0.006 3.69 ± 0.009 15.69 ± 0.019 


TABLE XIT 

GAINS IN SUGARS AND SYNTHETIC EFFICIENCy IN ETIOLATED SHOOTS 
SUPPLIED WITH GLUCOSE OR FRUCTOSE FOR 24 HOURS, 
CALCULATED FROM TABLE XIII 


Gain in Gain in Synthetic 

Scries total sugars sucrose efficiency 

Glucose 2.42 1.30 53.71 

Fructose 2.23 0.64 24,21 
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TABLE XV 

FRUCTOSE AND GLUCOSE PEECENTAGES IN ETIOLATED SHOOTS 
SUPPLIED WITH GLUCOSE OR FRUCTOSE FOR 24 HOURS 


Gain in Gain in 

Series Fructose fructose Glucose glucose 

Initial control 4.592 ± 0.000 5.550 ± 0.092 

Glucose 5.497 ± 0.031 0.905 6.706 ± 0.046 0.156 

Fructose 5.112 ± 0.029 0.520 6.686 ± 0.035 1.136 


sucrose. However, the synthetic efficiencies with either glucose or fructose were 
lower than generally obtained with variety H-109 under normal conditions. 

The results for fructose and glucose are of considerable interest, for in the 
shoots supplied with glucose there was an accumulation of fructose; and in the 
shoots supplied with fructose there was an accumulation of glucose. Evidently the 
interconversion of glucose and fructose could take place readily in these etiolated 
shoots. 

Several attempts were made to re|)eat this experiment with etiolated shoots, but 
without success. The etiolated shoots were already so high in sugars (chiefly re- 
ducing sugars) that they seldom could be induced to take up more. 

3. Aeration and the formation of sucrose: 

The importance of aeration for interconversion and synthesis was studied in both 
blades and roots. The effect of aeration in blades was studied l)y submerging some 
of the l)lades in solutions of glucose or fructose. Air was supplied to the aerated 
series by being jnimped through aerators. Several types of aerators were used, and 
the most satisfactory was found to be pressure tubing juinctured uniformly 48 times 
with an ice pick. The amount of aeration was varied by using one or more aerators 
]XT series. The results of one of the experiments with blades are recorded in Table 
XVT. The gains in total sugars and sucrose and the synthetic efficiency are shown 
in Table XVH. The blades deprived of aeration al)Sorbed some sugar but lost 
sucrose, while the blades which were aerated absorl)ed more sugar and made a little 


TABLE XVI 

MOISTURE AND SUGAR PERCENTAGES IN BLADES SUPPLIED WITH 
5% GLUCOSE OR FRUCTOSE WITH AND WITHOUT AERATION 


St'rit's 

Initial (‘oiitrol 

Moisture 
. 68.10 ± 0.048 

Reducing sugars 
0.602 ± 0.025 

Sucrose 
2.205 ± 0.023 

Total sugars 
2.924 ± 0.001 

Emergent blades: 

In glucose 

In fructose 

In l)oth 

. 68.42 ± 0.019 
. 67.96 ± 0.052 
. 68.08 ± 0.019 

1.525 ± 0.023 
1.701 ± 0.026 
1.365 ± 0.016 

6.503 ± 0.071 
6.073 ± 0.027 
6.125 ± 0.006 

8.370 ± 0.052 
8.094 ± 0.002 
7.802 ± 0.022 

Submerged — not aerated : 

In glucose 

In fructose 

In both 

. 71.27 ± 0.019 
. 70.61 ± 0.038 
. 69.97 ± 0.048 

2.108 ± 0.008 
1.B15 ± 0.016 
1.279 ± 0.002 

1.609 ± 0.035 
1.792 ± 0.002 
1.955 ± 0.012 

3.802 ± 0.028 
3.400 ± 0.013 
3.338 ± 0.011 

Submerged — aerated : 

In glucose 

In fructose 

In both 

. 70.69 ±0.043 
. 71.69 ± 0.081 
. 70.62 ±0.048 

1.273 ± 0.003 
1.668 ± 0.000 
1.367 ± 0.013 

2.719 ± 0.025 
3.167 ± 0.011 
3.668 ± 0.005 

4.136 ± 0.023 
4.982 ± 0.011 
6.223 ± 0.019 



126 


TABLE XVII 

GAINS IN SUGARS AND SYNTHETIC EFFICIENCY OF BLADES SUPPLIED WITH 
5 % GLUCOSE OR FRUCTOSE WITH AND WITHOUT AERATION, 
CALCULATED FROM TABLE XVI 



Gain in 

Gain in 

Synthetic 

Series 

total sugars 

sucrose 

efficiency 

Emergent blades: 

In glucose 

. .. 5.446 

4.298 

78.92 

In fructose 

. .. 5.170 

3 . 868 

74.81 

In both 

. .. 4.878 

3.920 

80.36 

Submerged— not aerated: 

In glucose 

. 0.878 

—0.596 

0 

In fructose 

. .. 0.476 

—0.413 

0 

In both 

. .. 0.414 

—0.250 

0 

Submerged — aerated : 

In glucose 

. .. 1.211 

0.514 

42.44 

In fructose 

. .. 2.058 

0.952 

46.25 

In both 

. .. 2.305 

1 . 463 

63.47 


sucrose. Synthesis was not as efficient in the submerged, aerated blades as in the 
emergent blades, As shown by the synthetic efficiency. 

The effect of aeration upon synthesis in roots is shown in Table XVIII. The 
gains in total sugars and sucrose and the synthetic efficiency are shown in Table 
XIX. The excised roots with no aeration absorbed glucose l)ut made no sucrose. 

TABLE XVIII 

MOISTURE AND SUGAR PERCENTAGES ]N EXCISED ROOTS SUPPLIED WITH 
5 % GLUCOSE, WITH DIFFERENT AMOUNTS OF AERATION 


Series Moisture Reducing sugars Sucrose Total sugars 

Initial control 87.24 ± 0.08(5 1.402 ± 0.060 2.662 ± 0.007 4.204 ± 0.052 

Glucose; 

No aerators 89.07 ± 0.133 6.690 ± 0.024 1.676 ± 0.023 8.366 ± 0.000 

1 aerator 89.08 ± 0.157 7.873 ± 0.002 10.443 ± 0.076 18.866 ± 0.078 

2 aerators 86.76 ± 0.215 6.621 ± 0.040 11.726 ± 0.127 18.966 ± 0.003 

3 aerators 86.80 zt 0.129 6.122 ± 0.026 13.218 ± 0.005 20.036 ± 0.030 

6 aerators 86.13 ± 0.100 5.907 ± 0.016 13.064 ± 0.038 19.669 ± 0.056 


TABLE XIX 

GAINS IN SUGARS AND SYNTHETIC EFFICIENCY OF ROOTS SUPPLIEI) WITH 
5 % GLUCOSE, WITH DIFFERENT AMOUNTS OP AERATION, 
CALCULATED FROM TABLE XVIII 


Gain in Gain in Synthetic 

Series total sugars sucrose efficiency 

No aerators 4.151 —0.986 0 

1 aerator 14.662 7.781 53.06 

2 aerators 14.761 9.064 61.40 

3 aerators 15.831 10.556 66.67 

6 aerators 15.455 10.402 67.30 


When aerated, they absorbed much more glucose and made considerable sucrose. 
Increasing the number of aerators from one to three increased both absorption and 
synthesis, but increasing the number of aerators from three to six had very little 
effect.' 
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The results for glucose and fructose are reported in Table XX. In the series 

TABLE XX 

ERIU’TOSE AND GLUCOSE PERCENTAGES IN EXCISED ROOTS SUPPLIED WITH 
5% GLUCOSE, WITH DIFFERENT AMOUNTS OP AERATION 


Gain in Gain in 

Series Fructose fructose Glucose glucose 

Initial control 1.160 ± 0.160 0.241 ± 0.101 

No aerators 1.709 ± 0.018 0.549 4.881 ± 0.006 4.640 

1 aerator 1.866 ±: 0.040 0.705 6.008 ± 0.039 5.767 

2 aerators 2.421 ± 0.061 1.261 4.200 ± 0.101 3.959 

3 aerators 2.256 ± 0.019 1.095 3.866 ± 0.045 3.625 

6 aerators 2.698 ± 0.048 1.538 3.209 ± 0.031 2.968 


with no aerators, all of the glucose absorbed remained as glucose in the roots, since 
the small gain in fructose could he accounted for by the loss in sucrose. With 
aeration there were greater gains in fructose as well as considerable gains in glu- 
cose. Evidently aeration is essential for the conversion of glucose to fructose. 
Aeration is required not only for the cftnversion of glucose to fructose but also for 
the synthesis of sucrose, since blades su[)plied with both glucose and fructose made 
no sucrose unless aerated. The exact role of aeration is not apparent from this 
test. Aeration may be needed for the formation of an intermediate compound, or 
for the release of energy required for synthesis, or both. This question will be 
discussed later. 

( )x\'gcn may be supi)lied to roots by the u.se of liydrogen peroxide, without 
forced aeration. Zimmerman (85) found that hydrogen peroxide is good for root- 
ing cuttings. In the following exi)eriment, 60 cc. of 3 ])er cent hydrogen peroxide 
were used ])er liter of 5 per cent glucose. The results are recorded in Table XXL 
The gains in sugars and the synthetic efficiency are shown in Table XXII. Some 


TABLE XXI 

67c GLU(X)8K AND OXYGEN FROM 

MOLSTt^RE AND SUGAR PERUENTAGE8 IN EXCnSEI) ROOTS SUPPLIED WITH 


Scries 

Moisture 

Reducing sugars 

Sucrose 

Total sugars 

Initial control 

. . . 89.05 ± 0.091 

2,707 ± 0.009 

3.034 ± 0.030 

5.900 ± 0.040 

Glucose— 3 aerators . . 

. . . 86.88 ± 0.105 

5.859 ± 0.019 

14.845 ± 0.022 

21.486 ± 0.042 

Glucose — H.,0.) 

. 89.63 ±0.143 

9.939 ± 0,022 

4.151 ± 0.000 

14.309 ± 0.022 

Glucose — HoOo 

. . . 89.68 ± 0.243 

9.851 ± 0.040 

4.214 ± 0.019 

14.287 ± 0.019 


TABLE XXII 

GAINS IN 8UGAKH AND THE SYNTHETIC EFFICIENCY IN EXCISED ROOTS 
SUPPLIED WITH 5% (ILUCOSE AND OXYGEN FROM H 2 O;,, 
CALCULATED FROM TABLE XXI 


Gain in Gain in Synthetic 

jj^eries total sugars sin-roso efficiencY 

Glucose — 3 aerators 15.586 11.811 7o.77 

Glucose-HoOa 8.409 1.117 13.28 

Glucose — H dO^ 8.387 1.180 14.0() 


sugar was absorbed and some sucrose made I)y the roots su])plied with oxygen from 
hydrogen peroxide, but neither absorption nor synthesis was as good as when oxy- 
gen was supplied by forced aeration. 
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To recapitulate, aeration increases the absorption of glucose and is absolutely 
essential for the conversion of glucose into fructose and for the synthesis of sucrose. 

(5. Mutilation and the formation of sucrose: 

The object of these tests was to find the effects of cutting and grinding upon 
the formation of sucrose from glucose. In the first experiment the blades were 
divided into thirds — ^the lower, middle, and upper third — and were then placed with 
their lower ends in 5 per cent glucose for 24 hours. The results are presented in 
Table XXIII. The gains in sugars and the synthetic efficiencies are recorded in 
Table XXIV which shows that the lower third of the blade was the most efficient 
in synthesis and the upper third of the blade absorbed the most sugar. The middle 
third of the blade was the poorest in both absorption and synthesis. 


TABLE XXIII 

MOISTURE AND SUGAR PERCENTAGES IN LOWER, MIDDLE, AND UPPER 
THIRDS OF BLADES, SUPPLIED WITH 5% GLUCOSE FOR 24 HOURS 


Series 

Moisture 

Reducing sugars 

Sucrose 

Total sugars 

Initial control: 

Entire 

74.16 -+- 0.172 

1.338 ± 0.005 

2.037 ± 0.001 

3.483 ± 0.003 

Lower third 

77.84 -t- 0.062 

2.008 ± 0.011 

3.420 ± 0.001 

6.608 ± 0.012 

Middle third 

78.45 -4- 0.215 

1.126 ± 0.027 

1.626 ± 0.008 

2.837 ±0.017 

Upper third 

68.73 -4 0.038 

0.802 ± 0.008 

1.003 ± 0.002 

1.869 ± 0.010 

In 5% glucose: 

.Entire 

71.07 0.091 

2.269 ± 0.006 

6.484 ± 0.022 

9.086 ± 0.017 

Lower third 

77.72-4-0.200 

2.127 ± 0.029 

6.385 ± 0.009 

7.796 ± 0.010 

Middle third 

71.64 -4- 0.057 

1.637 

2.653 

4.324 

Upper third 

66.35 -^-0.091 

2.683 ± 0.011 

6.219 ±: 0.003 

9.230 ± 0.015 


TABLE XXIV 

GAINS IN SUGARS AND SYNTHJITIC EFFICIENCIES OF LOWER, MIDDLE, AND 
UPPER THIRDS OP BLADES SUPPLIED WITH 5% GLUCOSE FOR 
24 HOURS, CALCULATED FROM TABLE XXIII 


Gain in Gain in Syiithftii* 

Series total sugars sucrose efficiency 

Entire 5.602 4.447 79.38 

Lower third 2.188 1.965 89.81 

Middle third 1.487 0.927 62.34 

Upper third 7.371 5.216 70.76 


The effect of dividing the blade into midribs and laminae was next studied, 
with the results recorded in Table XXV, The gains in sugars and the synthetic 
efficiencies are tabulated in Table XXVI which shows that the laminae are more 
efficient in both absorption and synthesis than the midribs. The iiercentages of 
fructose and glucose are reported in Table XXVII which shows a tendency toward 
the aceumtdaticai of glucose in the midribs but not in the laminae. This indicates 
that the conversion of glucose to f ructose takes place better in the laminae than in 
the midribs. 
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TABLE XXV 

MOISTURE AND SUGAR PERCENTAGES IN MIDRIBS AND LAMINAE SUPPLIED 
WITH 5% GLUCOSE FOR 24 HOURS 


Beries Moisture Reducing sugars Sucrose 

Initial control: 

Entire 72.20 ± 0.000 0.970 ± 0.000 1.644 ± 0.003 

Midribs 74.71 ± 0.172 1.516 ± 0.005 2.116 ± 0.018 

Laminae 67.99 ± 0.005 0.490 ± 0.023 1.120 ± 0.026 

In 5% glucose: 

Entire 71.02 ± 0.024 1.298 ± 0.001 6.133 zt 0.025 

Midribs 73.96 ± 0.019 2.732 ± 0.007 4.846 ± 0.011 

Laminae 67.62 ± 0.129 1.220 ± 0.018 5.763 ± 0.020 


Total sugars 

2.701 ± 0.004 
3.742 ± 0.013 
1.670 ± 0.004 


6.702 ± 0.027 
7.832 ± 0.004 
7.277 ± 0.003 


TABLE XXVI 

GAINS IN SUGARS AND SYNTHETIC EFFICIENCIES OF MIDRIBS AND LAMINAE 
SUPPLIED WITH 5% GLUCOSE FOR 24 HOURS, 

CALCULATED FROM TABLE XXV 


Gain in Gain in Synthetic 

Series total sugars sucrose efficiency 

Entire 4.001 3.489 87.20 

Midribs 4.090 2.730 66.74 

Lanunae 5.607 4.633 82.62 


TABLE XXVII 

FRUCTOSE AND GLUCOSE PERCENTAGES IN MIDRIBS AND LAMINAE SUPPLIED 
WITH 5% GLUCOSE FOR 24 HOURS 


Gain in 

Series Fructose fructose 

Initial control: 

Entire 0.344 ± 0.011 

Midribs 0.8622:0.023 

Laminae 0.463 ±: 0.004 

In 5% glucose: 

Entire 1.202 2: 0.020 0.858 

Midribs 1.076 2:0.051 0.214 

Laminae 0,674 ± 0.058 0.211 


Gain in 

Glucose glucose 

0.626 ± 0.010 
0.654 ± 0.017 
0.042 ± 0.020 

0.096 ± 0.019 —0.530 

1.656 ± 0.058 1.002 

0.546 ± 0.040 0.504 


The effect of cutting tlie blades into pieces apiiroxiniately one incli in length 
was next studied. The blades were cut with scissors. Preliminary tests showed 
that blades cut in this manner and sulnuerged in 5 per cent glucose with no aera- 
tion made little or no sucrose. Aeration enabled the cut blades to make sucrose, 
hut the synthetic efficiency of the cut blades was not as great as that of the entire 
emergent blades. To find out whether it was cutting or submerging the blades that 
decreased synthesis, intact and cut blades, submerged, with and without aeration 
were then compared. The results are recorded in Table XXVIII. The gains in 
sugars and the synthetic efficiencies are reported in Table XXIX. Since the syn- 
thetic efficiency of the cut blades, aerated, was as high as that of the intact blades, 
aerated, it is evident that cutting the blades into pieces approximately the size of 
one inch does not decrease their ability to make sucrose from glucose. 

Since cutting the blades did not decrease synthesis, the effect of grinding with 
the Buffalo Cutter was then studied. After 24 hours in 5 per cent glucose, aerated, 
the cut blades were washed in a wire basket, dried superficially by centrifuging, . 
ground, and sampled. The ground blades were placed in cheesecloth in a wire 



TABLE XXVIII 


MOISTUBE AND SUDAE PEBCENTAGES IN INTACT AND CUT BLADES SUPPLIED 
WITH 5% GLUCOSE FOE 24 HOURS, WITH AND WITHOUT AEEATION 


Series 

Moisture 

Reducing sugars 

Sucrose 

Total sugars 

Initial control 

. 72.85 ±0.071 

1.686 ± 0.001 

2.616 ± 0.011 

4.234 ± 0.013 

In 5% glucose; 

Intact emergent . . . 

. .. 68.63 ±0.067 

2.677 ± 0.011 

10.796 ± 0.013 

14.041 ± 0.025 

Intact submerged, 
not aerated 

. . . 73.66 ± 0.081 

2.631 ± 0.005 

1.830 ± 0.001 

4.657 ± 0.006 

Intact submerged, 
aerated 

. . . .72.96 ± 0.052 

2.496 ± 0.012 

4.746 ± 0.001 

7.491 ± 0.013 

Cut, not aerated 

....73.70 ±0.071 

3.077 ± 0.011 

1.248 ± 0.092 

4.391 ± 0.086 

Cut, aerated ......... 

. . . 73.72 ± 0.009 

2.246 ± 0.001 

4.330 ± 0.011 

6.804 ± 0.010 


TABLE XXIX 

GAINS IN SUGARS AND SYNTHETIC EFFICIENCIES IN INTACT AND CUT BLADES 
SUPPLIED WITH 5% GLUCOSE POE 24 HOURS, WITH AND WITHOUT 
AEEATION, CALCULATED FROM TABLE XXVIII 



Gain in 

Gain in 

Synthetic 

Series 

total sugars 

sucrose 

efficiency 

Intact emergent . , 


8.279 

84.41 

Intact, submerged, 

not aerated 0.323 

—0 . 686 

0 

Intact, submerged. 

aerated ... 3.257 

2 . 229 

68.43 

Cut, not aerated . 

0.157 

— 1 . 268 

0 

Cut, aerated 

2.570 

1.814 

70.58 


basket, washed, centrifuged in cheesecloth, ground further, and sampled. Tlie re- 
sults are presented in Table XXX. The gains in sugars and the synthetic efficien- 
cies are shown in Table XXXI which shows that although the ground blades gained 
in total sugar they made absolutely no sucrose. 

The suggestion arose that the ground blades may have made sucrose, but that 
the sucrose was removed by washing. To determine this ])oint, a test was conducted 
in which the ground blades were not washed, but were analyzed along with all the 
glucose supplied. The results are presented in Tal)lc XXXII which shows that the 
ground blades made no sucrose. 


TABLE XXX 

MOISTURE AND 8UGAR PERCENTAGES IN CUT AND GROUND BLADES 81TPPLIED 
WITH 5% GLUCOSE FOE 24 HOUE8 WITH AERATION 


Series Moisture Reducing sugarH Sucrose Total sugars 

Initial control 74:.48 ± 0.15.H 1.409 ± 0.005 2.354 ± 0.005 3.888 ± 0.011 

Cut, aerated 78.60 ± 0.119 2.871 ± 0.007 4.336 ± 0.007 7.435 ± 0.000 

Ground, aerated 77.41 ± 0.029 4.135 rt 0.008 2.152 ± 0.018 6.400 ± 0.011 


TABLE XXXI 

GAIN8 IN SUGARS AND SYNTHETIC EFFICIENCIES OF CUT AND GBOUNI) 
BLADES SUPPLIED WITH 5% GLUCOSE FOE 24 HOURS WITH 
AERATION, CALCULATED FROM TABLE XXX 


Gain in Gain in Synthetic 

Series total sugars sucrose efficiency 

Cut 3.647 1.981 55.85 

Ground 2 .612 .202 0 
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TABLE XXXII 

MOISTURE AND SUGAR PERCENTAGES IN ENTIRE AND GROUND BLADES, 
AERATED, SUPPLIED WITH 5% GLUCOSE FOR 24 HOURS; THE GROUND 
BLADES ANALYZED WITH THE GLUCOSE WITHOUT WASHING 


Moisture Reducing sugars Sucrose Total sugars 

Initial control 70.83 ± 0.029 0.898 ± 0.008 2.020 ± 0.007 3.024 ± 0.000 

Entire 69.80 zt 0.014 1.662 ± 0.005 6.884 ±: 0.005 8.900 ± 0.000 

Ground 71.74 ± 0.181 8.711 ± 0.040 0.631 ± 0.025 9.271 ± 0.019 


TABLE XXXIII 

FRUCTOSE AND GLUCOSE PERCENTAGES IN CUT AND GROUND BLADES 
SUPPLIED WITH 5% GLUCOSE FOR 24 HOURS, WITH AERATION 


Gain in Gain in 

Series Fructose fructose Glucose glucose 

Initial control 1.003 ± 0.000 0.406 ±0.012 

Cut 1.112 ± 0.071 0.109 1.769 ± 0.079 1.353 

Ground 0.724 ± 0.025 —0.279 3.411 ± 0.033 3.005 


Fructose and glucose [percentages in the cut and ground blades are reported in 
Table XXX II I. The ground blades lost fructose and accumulated glucose, indi- 
cating that grinding the blades interfered with the conversion of glucose to fructose. 

Suiuniary: 

The formation of sucrose from glucose can take place in detached blades, 
sheaths, stems, and roots of the sugar cane plant. Sucrose synthesis can also take 
jplace in entire .stalks. 

More sucrose accumulated in the stems of entire stalks of cane with leaves 
attached than in excised cane with leaves removed, indicating that both synthesis 
in situ and translocation from the leaf may be involved in the storage of sucrose 
in the stem. 

When entire plants with roots attached were jplaced in solutions of glucose, the 
roots absorbed glucose and accumulated sucrose, but in the to])s, only the stems 
gained a little sucrose. 

Because the formation of sucrose from glucose or fructose takes place in abso- 
lute darkness and does not require chlorophyll, the synthesis of sucrose is a process 
distinct from photosynthesis. 

lilades taken from different levels on the stem differ in their ability to make 
sucrose from glucose. The same difference is shown when blades store sucrose as 
a result of photosynthesis. This suggests that the synthesis of sucrose takes place 
by the same mechanism whether the glucose is supplied artificially or naturally l)y 
the process of photosynthesis. 

In hourly studies of blades suipplied with glucose or fructose, the [percentages of 
sucrose increased much more than the percentages of reducing sugars. In blades 
supplied with glucose, the percentages of sucrose increased for nearly two weeks, 
yet the percentages of reducing sugars fluctuated very little. 

Some component of the mechanism of conversion of glucose to fructose and ' 
formation of sucrose appears to be less active in blades detached from plants at 
night than in blades detached from plants during the day. This component is active 
again in blades detached from plants in the early morning before dawn. 
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Temperature affects the absorption of sugar, the interconversion of glucose and 
fructose, and the formation of sucrose. Low temperature (6° C.) prevented inter- 
conversion and synthesis but did not prevent absorption. Synthesis was most effi- 
cient at 30° C. 

The formation of sucrose from glucose or fructose took place as well or even 
better in completely albino blades as in green blades. 

Etiolated shoots when supplied with glucose accumulated fructose, and when 
supplied with fructose accumulated glucose, indicating that they could carry on the 
interconversion of glucose and fructose. The production of sucrose was less than 
usual, in etiolated shoots. 

Aeration is essential for the interconversion of glucose and fructose and for the 
formation of sucrose. Aeration also increases the absorption of sugar. 

The lower third of the blade was the most efficient in synthesis and the up])er 
third absorbed the most sugar. The middle third of the blade was the poorest in 
both absorption and synthesis. The laminae were more efficient than the midribs 
in absorption of sugar, conversion of glucose to fructose, and synthesis of sucrose. 

Cutting the blades into pieces approximately one inch in length did not decrease 
synthesis, but grinding the blades inhibited synthesis completely, and also inhibited 
the conversion of glucose to fructose. 
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Sugar Prices 


96° CENTBIFUGALS FOR THE PERIOD 
DECEMBER 16, 1942, TO MARCH 15, 1943 

Date Per pound Per ton 

Dec. 16, 1942-Mar. 15, 1943 3.74<J $74.80 


Kcmarks 

Philippines 




THE HAWAIIAN 

PLANTERS’ RECORD 

Vol. XLVri THIRD QUARTER 1943 No. 3 


A quarterly paper devoted to the sugar interests of Hawaii and issued by the 
Experiment Station for circulation among the plantations of the Hawaiian Sugar 
Planters' Association. 


Replication: The Safeguard for Uncontrolled Variation 


By R. J. Borden 

Only by a knotvlcdgc of the nature and extent of the expected variations in his 
basic materials can the investigator of sugar cane problems hope to plan his research 
to identify and separate the chance effects from his purposely applied treatment ef- 
fects, and thereby arrive at reliable conclusions. Hence we have brought together 
herein only a few examples, taken from actual data zohich have been previously re- 
corded, which show some of the variations found in many of the soil and plant 
analyses which are commonly made; also common variations found in studies of the 
crop composition and its growth rates, in crusher juice analyses, in cane yields, cane 
quality, and sugar yields. Then, without discussing reasojis for these variations, 
and without laying down the principles which should govern the selection of dupli- 
cate samples but assuming the use of a sound sampling technique and accurate ana- 
lytical work, and as far as possible avoiding the usage of mathematical expressions 
and formula, 7ve have sought in this presentation an opportunity to make the investi- 
gator aiuare of the absolute necessity for replication, if his results arc to have a real 
meaning and be truly evaluated for the benefits of the industry. 

Quantitative data secured from measurements in biological studies arc character- 
ized by great variations, in contrast to the small variations which are found in the 
more precise sciences of chemistry, physics, and mathematics. Thus the investigator 
who studies the sugar cane crop must be fully aware of the variations which are in- 
volved in his basic material or he is apt to make erroneous assum])tions and likely to 
draw false conclusions, as a result of overlooking the principles and limitations of 
sampling; for he must make use of samples and from his measurements on these, 
make sound inferences with respect to the crop from which his samples were taken. 

To awaken a fuller appreciation of the extent and nature of some of the uncon- 
trolled or normal variations which are found, we offer the following illustrations. 
These have been selected as examples, not necessarily of average or typical condi- 
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tions but rather of variations actually found in measurements which have been made 
on what had appeared to the eye to be from relatively uniform materials. 

Variations in Soil 

One of the contributory factors to differences in cane yields and their composi- 
tion is the variation that exists within the soil of the area where the crop was grown. 
Thus even under the same environment, with similar influences from sunshine, tem- 
perature, wind, and rainfall, we find soil variations of considerable magnitude, and 

son VAHI.‘,TIOKS 



Tig. 1. P«ro®ntages of soil moisture at the 6" to 24** depth on oppo- 
site sides of 4 adjacent rows of cane. 



Fig, 2, Percentages of soil moisture in the upper 
(and second) 12** soil sones of 4 ’’chock** plots. 
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Fig., 4, Moisture equivalents in adjacent 
cane rows at 12** deep. 
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we know that they exert their differential effects upon the growth and composition of 
a sugar cane crop. 

1. Soil Moisture Percentages: 

Differences as great as 4.3 per cent in soil moisture were recorded within pairs of 
single auger-bored soib samples taken from the 6-inch-24-inch soil depth on oppo- 
site sides of actively growing POJ 2878 cane in adjacent rows of Makiki Field 2 
(Fig.l). 

P'ive days after irrigating the 8 ‘'control*’ plots in Waipio Experiment 104 I, du- 
plicate soil samples each made up from auger borings taken at two points within each 
one-tenth acre plot, from both the upper foot and second foot of soil, had variations 
in their average moisture content between 26.7 and 35.7 per cent (Fig. 2). 

2. M oisture Equivalents: 

Determinations of moisture equivalents of single soil borings taken at the inter- 
sections of 300-foot coordinates in Olowalu Field 27 show variations quite charac- 
teristic of alluvial soils. In this case the differences are quite large, especially in the 
samples from the second and third foot of soil (Fig. 3). 

Four of the individual soil borings taken 12 inches deep under two adjacent cane 
rows from Waimanalo Field 11 had moisture equivalents between 41.4 and 37.0 
per cent (Fig. 4). 

3. T otal Organic M otter : 

The ])ercentages of total organic matter found in samples made up from 10 bor- 
ings each, taken from the u])per foot of soil in 61 plots of Waij)io Field L, varied 
from 1 .54 to 2.72. The variation in a small l)lock of six adjacent ])lots occupying an 
area (jf less than three-fourths of an acre ranged between 2.04 and 2.53 ])er cent — 3. 
difference which amounts to nearly 1500 pounds per acre (Fig. 5). 

4. Carbon-nitrogen Ratios: 

The surface foot of soil from each of three adjacent ])lots, embracing an area of 
only one-fifth of an acre in Waipio Field L, was found to have a carbon-nitrogen 
ratio of 1 1.2, 8.9, and 12.0 ; the complementary C/N ratios in the second foot of these 
soils were 9.3, 9.7, and 10.1 respectively (Fig. 6). 

5. Water-soluble Nitrogen: 

Composited soil-bored samples from an irrigated area of growing cane in Kawai- 
hapai Field lA taken from the upper and the second 12-inch soil layers, both within 
the row and in the adjoining row-middles, showed a variation in their nitrate nitro- 
gen content which is nicely illustrated in Fig 7. A somewhat different picture, but 
one still showing a considerable amount of difference in the content of available ni- 
trogen of the upper foot of soil in closely adjoining areas, is shown in Fig 8 ; here 
the cane in Grove Farm Field 19A had recently been “hilled up.” 

Separate “check” plots in Waipio Experiment V, all included within a total area 
of less than 1)^ acres and adequately sampled at the start of a first ratoon crop, 
were found to have soil differences in their total water-soluble nitrogen varying from 
18 to 85 pounds per acre (Fig. 9) . 
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SOIL VAHIATIOSS 
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rig* 9. Pound* per acre of water-eolu'ble nitro- 
gen in soil of **oheek’‘ plots only (plot sixe - 
•O 33 acre) . 
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Pic* 10, Pounds of P2^5 acre 
from toringe at 5 * 5 spaclngs. 
after plowing. 



Fig, 11. Pound* P 2 O 5 per acre 
at 3 TOBitlons to a depth of 12 ^*. 



Fig, 12, Pounds of K 2 C per acre from 5 samp- 
ling stations within a total field area of 21 
acres . 


851 I 


Fig, 13 , Pound* of X 2 O per acre 
at 3 position*; cane in the furrow. 



Fig. 14. Pound* of K 2 O per acre 
at 4 positions; oane hilled-up. 


6. Available Phosphoric Acid: 

Variations in the available phosphate content of continually croj)])ed cane soils 
are not uncommon. Our example, from single borings made at 5- x S-foot spacings 
to a depth of 12 inches in Maui Agricultural Company Field 77, shows a range equiv- 
alent to from 30 to 150 pounds P20r, per acre, even after the field had been plowed 
and prepared for planting (Fig. 10). 

Composited auger borings taken to a depth of 12 inches from three positions 
(With respect to the ratoon cane row) in Lihue F'ield L26 show a commonly observed 
condition which is found in ratoon fields, i.e., a higher percentage of available P 2 O 6 
in the soil in the cane row (Fig. 11), 
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7. Available Potash : 

Reliably taken soil samples from each of 5 level-ditch areas of Pioneer Field HI 
covering an area of 21 acres, for purposes of identifying the status of available 
potash for guidance in the potash fertilization for this field, showed a range between 
75 and 400 pounds of K 2 O per acre (Fig. 12). 

Analyses of soil taken to a depth of 12 inches from Grove Farm Field 17 before 
fertilizing, from several positions with respect to their proximity to the cane grow- 
ing in the furrow, showed large variations in the available K 2 O content, with higher 
potash being found directly under the cane row (Fig. 13). However, in Paauhau 
Field 21 hilled-up cane had somewhat less potash directly under the cane row than 
farther away (Fig. 14). In both of these cases the soil sampling technique was 
reliable. 


Variations in Crop Composition 

A crop of sugar cane, especially after it is a year old, consists of a rather com- 
plex aggregation of stalks of different ages and conditions. Its composition is con- 
stantly changing, with new stalks being added and old stalks disappearing, and sel- 
dom is the extent of these changes predictable. Thus the nature of the crop which is 
finally harvested can be almost anything than that which was expected earlier. 

1 . 5 talk Census at Hanwst : 

Something of the variable nature of the stalk population harvested from 10 adja- 
cent 35-foot rows of 31-1389 plant cane which had started its growth with a uni- 
form stand of stalks can be seen from the following record of stalk classes made at 
the harvest of the Makiki Field 19 Blank Test. 


8TALK (^EN8IJS, 7.7?.. NUMBER OF STALKS^ 


Classes 

12 

13 

14 

Adjacent row numbers 

15 16 17 18 

19 

20 

21 

Sound stalks . . . 

186 

155 

158 

144 

181 

177 

175 

166 

180 

186 

U(*ad stalks . . . 

3 

11 

12 

36 

9 

9 

25 

35 

26 

9 

Suckers 

25 

5 

8 

11 

21 

16 

8 

16 

35 

15 


* Project A 105 — No. 10,-1. 


2. Suckers: 

The number of suckers with millable cane at harvest is likely to be an extremely 
variable amount. In Waipio Experiment 108 ATN, suckers with at least 6 feet of 
millable stalks were counted and weighed in the cane samples taken from some of 
the “D” plots in October and again in February ; their contriliution to the total weight 
of cane harvested varied as indicated below : 


SUCKERS AS PER CENT OF TOTAL CANE WEIGHT* 


Month 

Duplicate plot numbers 

5 11 .32 60 

October . . . 

February . . 

9 33 9 33 

14 39 8 37 


* Waipio Expt. 108 ATN. 
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Variations IN Growth 

‘ i. Elongation: 

Those who have studied cane growth and have actually made hundreds of growth 
measurements are fully aware of the differences in the rates of stalk elongation which 
apparently similar stalks of cane will often make ; those who read the reports which 
summarize such growth measurements as averages may not always be aware of the 
extent of these differences in growth which individual stalks of cane make, even un- 
der identical external conditions. 

From Cornelison’s files, \ve note the following differences in the daily elongation 
of the first 10 primary stalks of H 109 which he tagged and measured at one growth 
stage in his studies of cane in the field at Makiki. 


PRIMARY STALK ELONGATION (INCHES/DAY)* 




Tkn duplicate primary stalks 

OP H 100 




No. 1 

No. 2 

No. 8 No. 4 

No. 5 

No. 6 

No. 7 

No, 8 

No. 9 

No. 10 

.48 

.41 

.19 .53 

.60 

.34 

.84 

.37 

.52 

.43 


* Data by Cornelison (F.T.G.). 


Even when cane is grown under controlled conditions in large pots of the same 
well-mixed soil and in the same environment, the individual stalks of the same age 
group will grow at very different rates. Thus primary stalks of POJ 2878 grown in 
large containers at Makiki showed variations in their daily rates of growth during 4 
successive 2-week growth periods as indicated below : 


PRIMARY STALK ELONGATION (INCHES/DAY)* 


Period : week of 

No. 1 

6 DUPLICATE STALKS OF POJ 2878 

No. 2 No. 3 No. 4 No. 5 

No. G 

1. July 27 . . . 

.29 

.64 

.57 

.86 

.79 

.46 

2. August 10 . . 

.21 

.71 

.39 

.82 

.21 

.36 

3. August 24 . . 

.36 

.36 

.75 

.53 

.79 

.50 

4. September 8 

.21 

.82 

.86 

.36 

.11 

.29 


* Project A ids — No. 43. 


Both of the preceding examples come from measurements made on primary 
stalks which were tagged for identification in their early growth period and meas- 
ured periodically thereafter. Hence they may not truly represent the growth being 
made by the crop, since the ctop will include many stalks of a later growth order, 
i,e., younger stalks which have a considerably faster growth rate. Thus growth 
measurements made on stalks representative of . the entire crop will show an even 
greater individual variation. This will be apparent from the following tabulation 
that was made up from measurements on 100 contiguous stalks of H 109 cane grown 
at Makiki; ^ ^ ^ ^ ^ ^ ^ ^ ^ 
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COMPLETE POPULATION STALK ELONGATION (INCHES/D AY)* 


Stalks 

No. OP STALKS MAKING DAILY GROWTH DURING AUG. SiGPT. OF 
Less than .5" .5 to .99** 1.0 to 1.49** More than 1.49*' 

Total 

NO. 

All first season . . 

Early second season 

5 50 14 0 

0 5 21 5 

69 

I 

31 


* Project A 105 — No. 114. 


2. Density of Stand and Weight per Stalk: 

Records of the density of the stalk population together with the weights of the 
stalks therein at harvest show variations which at times are the controlling factors in 
yield differences obtained. An idea of such variations is given in the following rec- 
ord made from 10 adjacent 40-foot rows of cane from plot 1 in the Waipio Field T 
Blank Test. 


STALKS PER FOOT OF ROW AND AVERAGE WEIGHT PER STALK 


MKASI REMKNT 

Duplicate ad.tacknt row numbers 

1 2 3 456789 10 

Number of stalks/ft. . . 

Weight per stalk (lbs.) . 

4.9 4.1 3.2 8.9 4.1 3.4 2.4 5.2 2.8 3.7 

5.8 7.2 9.3 6.2 6.7 7.0 8.2 6.3 9.1 6.3 


Variations in Plant Composition 

We are still concerned with pointing out exam])les of variations in measurements 
and analyses of duplicated samples taken from the sugar cane crop. We are much 
more interested in the analysis of the duplicated individual samples than in a dupli- 
cate analysis of a composited sample, for much greater variation exists in the sample 
than in the analytical work. This fact will he better a])preciated as we proceed with 
our examples of variation, many of which are taken from one of our most recent 
studies in connection with Waipio Ex])eriment 108 ATN. 

1 . Per Ce n t M o ist ure : 

From 8 replicated plots of Treatment A in Wai])io Experiment 108 ATN we can 
get an idea of the variation in the percentage of moisture found in representative 
samples of the total green weight by examining the figures ^^ecured from the harvest 
at 103 ^ months ; they range between 72.7 and 77.3 per cent although they come from 
carefully taken cane crop samples which are duplicates. 


PER CENT MOISTURE IN TOTAL GREEN WEIGHTS* 


1 

8 

Duplicate plot numbers 

1.3 20 27 28 

30 

3 7 

76.0 

77.3 

72.7 72.7 75.4 73.4 

73.9 

74.7 

* Waipio E.Kpt. 108 ATN. 


Determinations of the per cent moisture in identical samples of carefully selected 
leaf sheaths taken from leaves of identical physiological age from cane of the 3 “X’* 
plots of this same field test, during its maximum growth period, reveal diflFerences 
amounting to 3 and 4 per cent in moisture content. 
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PEB CENT MOISTUBE IN LEAF SHEATHS* 


Duplioatk 

PLOT NOS. 

Aok of oank (months) 

8 Vo 

9Vs 

10 Vj 

11^ 

17 

71.4 

69.6 

68.6 

69.6 

26 

70.2 

73.7 

69.7 

71.2 

31 

73.3 

71.8 

68.8 

72.7 


* Waipio Expt. 108 ATN. 


2. Per Cent Reducing Sugars: 

At the age of months, representative cane samples taken from the 8 repli- 
cated plots of Treatment D* showed especially wide variations in their percentages 
of reducing sugars (dry-weight basis), 

PER CENT REDUCING SUGARS IN TOTAL DRY WEIGHTS* 

DlII'LlCATK PLOT NVMBEKS 
9 14 19 25 29 

3.8(5 7.80 8.59 7.07 7.79 8.04 7.()7 10.04 

' Waipio Expt. 108 ATN. 

2. Per Cent Sucrose : 

The 8 duplicate plots of Treatment C* produced a crop of cane which at 17j/^ 
months of age varied from 36.6 to 42.9 per cent in the sucrose concentration of its 
total dry weight. 

PER CENT SUCROSE IN TOTAL DRY WEIGHT* 


9 

f) 

Ditplioate plot numbers 

15 18 22 24 

28 

85 

42.9 

40.1 

41.3 

36.6 42.9 

41.5 

37.4 

40.4 


* Waipio Expt, 108 ATN. 


4, Per Cent Total Sugars: 

At the October harvest from Waipio Experiment 108 ATN the jiercentages of 
total sugars that were found in the total dry weight samples harvested from the 8 
replicated plots of Treatment A showed considerable variation — between 36.2 and 
46.7 per cent. 


PER 

CENT 

TOTAL 

SUGARS 

IN TOTAL DRY 

WEIGHT* 

1 

8 

Duplicate plot numbers 

13 20 27 28 

30 

37 

41.0 

45.0 

46.7 

40.1 

41.4 39.9 

36.2 

38.3 


* Waipio Expt. 108 ATN. 


Waipio Expt. ids ATN. 
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The concentration of total sugars in the sheaths of active leaves taken from 4 
plots of Treatment A was quite dissimilar at some of the earlier preharvests from 
this same experiment. 


PER CENT TOTAL SUGARS IN LEAF SHEATHS* 


Uttplicate 

PLOT NOS. 

Aoe of cane (months) 

7 Ms 

8 1/2 


lOMs 

23 

8.32 

9.69 

7.76 

8.44 

28 

8.62 

9.60 

12.42 

10.25 

34 

9.06 

11.19 

12.92 

10.97 

37 

10.32 

12.12 

12.47 

9.53 


* Waipio Expt. 108 ATN. 


5. Per Cent Nitrogen: 

Cane harvested from a 2 x 5 lilock of 10 adjacent plots in Waipio Field L, all of 
which had received identical fertilization at the time the samples were taken, had a 
variable nitrogen composition between limits of .44 and .72 per cent. 

PER CENT NITROGEN IN TOTAL DRY WEIGHT* 

DurLK’ATK PLOT NUMBERS 
G 12 13 18 19 

.72 .49 .46 .44 .(50 .47 .4") 

* Waipio Kxpt. 108 ATN. 


Four separate leaf-punch samples, taken from 31-1389 cane in rows 2, 5, 8 and 
12 of Makiki Field 19 at 12 months, had a composition of 1.59, 1.44, 1.15, and 1.80 
per cent nitrogen respectively, in spite of the fact that all this cane had received 
identical treatment. 

The percentage of nitrogen in leaf-punch samples taken from the 7 replicated 
“C” plots of Waipio Experiment 109 AN at IIJ /2 months varied from 1.45 to 1.77 
even though all 7 plots had received identical nitrogen fertilization. 


PER CENT NITROGEN IN LEAF-PUNCH SAMPLES* 




Duplicate plot 

NUMBERS 



41 

43 

45 

48 

49 

52 

53 

1.77 

1.67 

1.67 

1.55 

1.67 

1.45 

1.61 


* Waipio Expt. 109 AN. 


d. Per Cent Chlorophyll in Green Leaves: 

Samples of active green-leaf blades, taken from a 2 x 4 block of 8 plots which 
had been similarly fertilized, showed a range in their chlorophyll content at 5j4 
months from .075 to .169 per cent. 
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PEE CENT CHLOROPHYLL IN GREEN LEAVES* 


23 

24 

Duplicate plot numbers 

28 29 33 34 

86 

37 

.075 

.129 

.158 .127 .145 .127 

.169 

.127 

* Wftipio Expt. 108 ATN. 


7. Per Cent Phosphoric Acid: 

An analysis of cane crop samples taken from the H 109 ‘‘check” plots of Waipio 
Experiment 104 I at 10 months showed a difference between the duplicates of as 
much as 100 per cent in the percentages of phosphate that were found in the total 
dry-weight samples, 

PER CENT P2O5 IN TOTAL DRY WEIGHT* 

Duplicate plot numbers 

1 8 9 16 17 24 25 32 

.050 , .080 .100 .053 .070 .085 .070 .050 

* Waipio Expt. 104 I. 


At the final harvest at 20j4 months of the 8 replicated “A” plots in Waipio Ex- 
periment 108 ATN, samples of the total dry weight varied in their P 2 O 5 concentra- 
tion from .132 to .219 per cent. 

PER CENT P2O5 IN TOTAL DRY WEIGHT* 


Duplicate plot numbers 
13 20 27 28 30 37 

.157 .162 .164 ,219 .132 .177 .183 .177 

* Waipio Expt. 108 ATN. 


8. Per Cent Potash: 

Variations between .63 and 1,23 were recorded for the percentages of K 2 O that 
were found in truly representative samples of the total dry weight harvested from 
the 8 “D” plots of Waipio Experiment 108 ATN at 20 months. 


PER CENT K2O IN TOTAL DRY WEIGHT* 


4 

.5 

Duplicate plot numbers 

9 14 19 25 

29 

36 

.97 

.63 

.77 .85 

1.23 .87 

.73 

.72 


* Waipio Expt. 108 ATN. 


Variation in Crusher Juices 

J. BriXy Pol^ and Purity: 

Individual cane samples of 10 entire stalks each, collected at random within a 
single “burn’' of H 109 cane and crushed separately, showed wide variations in their 
crusher juice analyses. 
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BEIX, POL, AND PURITY OF JUICE FROM 
DUPLICATE CANE SAMPLES* 


Mkasubembnt 

95 

Do PLICATE 
96 

SAMPLE 

97 

NUMBEKS 

98 

99 

Brix . . . 

18.8 

20.7 

17.6 

. 16.0 

16.2 

Pol . . . 

15.9 

18.2 

14.0 

11.7 

12.2 

Purity . . 

84.1 

87.8 

79.7 

73.4 

75.1 


* Project A 105 — No. 112. 


An extent of the variations found in crusher juices from all stalks of 31-1389 
plant cane harvested from a few adjacent 30-foot rows in the Makiki Field 19 Blank 
I'est is indicated below : 


BKIX, POL, AND PUEITY OF CRUSHER JUICES^ 


Measurement 

3 

AD,TA(^ENT 

4 5 

ROW NUMBERS 

6 7 

8 

Biix . . . 

18.0 

17.0 

17.8 

17.6 

16.2 

15.8 

P(il ... 

16.4 

15.4 

15.8 

15.7 

14.4 

13.5 

Purity . . 

91.1 

90.6 

88.8 

89.2 

88.9 

85.4 


* Project A 105 — No. 103, 


Single primary stalks of H 109 cane, which were grown separately in small pots 
of thoroughly mixed Makiki soil and given identical treatment, produced crusher 
juices with a considerable amount of variation, even under carefully controlled, 
identical growth conditions. 


BRIX, POL, AND PURITY OF CRUSHER JUICES* 


Measurement 

384 

Duplicate pot numbers 
389 390 393 

397 

Brix . . . 

21. .S 

20.0 

20.2 

19.6 

19.0 

Pol . . . 

20.8 

19.0 

19.3 

17.2 

17.8 

Purity . . 

i 

95,0 

95.5 

87,8 

93.7 


* Project A 105 — No. 140.1. 


2. Per Cent Glucose: 

Evidence that differences in the percentage of glucose found in crusher juices 
from mature cane may be quite considerable is shown by analyses made from dupli- 
cate plots of POJ 36 cane harvested at Manoa. 


PER CENT GLU(.^OSE IN CRUSHER JUICES* 


3 

6 

Duplicate plot 

9 

NItMBf:RS 

12 

15 

18 

,44 

.36 

.40 

.48 

.72 

.67 


^ Project A 105 — No. 28. 
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J?. Per Cent Nitrogen: 

At the July harvest of Waipio Experiment 108 ATN the crusher juices from the 
8 replicated plots of Treatment C had a wide variation in their nitrogen content. 


PER CENT NITROGEN IN CRUSHER JUICE^ 


3 

6 

Duplicate plot numbers 

15 18 22 24 

33 

35 

.017 

.024 

.025 .012 .024 .019 

.0.34 

.018 

* Waipio Kxpt. 108 ATN. 


Even though 31-1389 cane was grown in small pots of well-mixed Makiki soil 
under identical conditions, the percentages of nitrogen in the crusher juices from 4 
duplicate pots at harvest were still quite dissimilar. 


PER CENT N IN CRUSHER JUICE^ 



Duplicate 

POT NUMBERS 


818 

819 

820 

821 

.125 

.110 

.099 

.057 


* Project A 105 — No. 12G, 


We could cite many examples of this sort from our pot studies — instances where 
crusher juices from duplicate pots differed by more than 100 per cent. 

4. Per Cent P20r^: 

Six replicated pots of 31-1389 cane grown on Ranch 1 soil without ])hos])hate 
fertilization produced cane with a different crusher juice concentration of ])hos- 
phoric acid. 

PER CENT P2O5 IN JUK^E* 

Dl I’LICATK POT NUMBERS 

610 611 612 613 614 615 

.060 .045 .096 .056 .044 .080 

* Project A 105 — No. 122. 

Duplicate pots of Manoa soil and also of Makiki soil produced POJ 2878 cane 
with crusher juice contents of PsOd which were quite different within each soil 
group. 

PER CENT P2O5 IN CRUSHER JUICES* 

Manoa soil dupltcatks Makiki soil dupliuati s 

No. 51 No. 59 No. 67 No. 78 No. 88 No. 96 

.029 .052 .036 .120 .096 .072 

* Project A 105—No. 43. 

5. Per Cent K%0: 

The percentages of potash in crusher juices from 31-1389 cane grown in 5 dupli- 
cate pots of Manoa soil showed considerable variation also. 
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PER CENT KgO IN JUICE^ 



DI’PHOATK 

POT 

NUMBERS 


135 

136 

137 

138 

139 

.08 

.08 

.14 

.26 

.11 


* Project A 105— No. 98. 


6. Per Cent N , P 2 O 5 , and KoO: 

This final example is offered to show that even when only 2 primary stalks were 
allowed to groiv in the same pot of Manoa soil, some individual inherent charac- 
teristic resulted in crusher juice concentration differences between these two stalks. 


PER CENT N, P 0 O 5 , KoO IN CRUSHER JUICES OF 
“ 31-1389 CANES* 


Nutrient 

Stalk 

NO. 

1293 

Duplicate pot numbers 

1294 1322 1327 

1329 

N . . . 

1 

.016 

.628 

.028 

.031 

.043 

N . . . 

2 

.024 

.040 

.016 

.019 

.019 

P2O.5 • • 

1 

.016 

.010 

.014 

. 0J6 

.017 

Y2O7, . . 

2 

.018 

.014 

.010 

.014 

.012 

K'jO . 

1 

.04 

.04 

.05 

.05 

.05 

K^O . . 

2 

.06 

.07 

.03 

.03 

.03 


* Project A 105 — No. 131. 


V^ARiATioN IN Cane Yields and Quality 

Many of the variations we have just discussed are responsible for the differ- 
ences so commonly found in actual yields of cane and its quality as harvested from 
sejiarate units of uniformly treated field areas. In previous discussions we have em- 
phasized these important differences which can occur even on relatively uniform 
field areas, Init it will do no harm to cite again a few examples to complete our pic- 
ture of normal variations. 

Cane Yields: 

Jn Fig. 15 we show the yields of cane (TCA) which were harvested from 8 
separate but contiguous .05-acre plots within each of three 5-row strips of Yellow 
Caledonia plant cane in Pepeekeo Field 20. They tell their own story of the yield 
variation which existed on what appeared to be a perfectly uniform part of this field, 
and a careful examination of this area after the yields were recorded revealed no 
apparent reason for such large differences as were actually found between plot num- 
bers 4 and 5, or 6 and 7, or 10 and 11, or 17 and 18, or 21 and 22 . 

If further evidence of this nature is desired, another example can be shown by 
using the cane yields from a block of .05-acre plots from the most uniform-appear- 
ing acre of cane in the 1938 Blank Test in Hakalau Field 2A. These are shown in 
Fig. 16, and though not as “spotty’' as the yields shown in Fig. 15, they do illustrate 
the range in cane yields which we often find even within a small uniform field area. 

Variability in yields of cane harvested from duplicate treatments to cane grown 
in containers of well-mixed soil is a factor for concern for those who use a con- 
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TABUTIOBS in CAKS YIEIIlS AND QUAIITY 


1 

2 

3 

4 

5 

6 

7 

8 

99 

97 

91 

85 

66 

94 

68 

67 


9 

10 

11 

12 

13 

14 

15 

16 

106 

101 

82 

84 

88 

70 

80 

74 


17 

18 

19 

20 

21 

22 

23 

24 

66 

62 

76 

76 

62 

98 

89 

84 


Tig, 15* Yields of ^ane, as tons per acre, from 87' sect'* 
ions Qf 5*3row **X*' plots in Pepeekeo Field 20 Blank Test. 


64 

65 

66 

67 

68 

69 

78 

93 

66 

81 

92 

83 

■Q 

35 

36 

37 

38 

39 


81 

72 

70 

66 

61 

4 

5 

6 

7 

8 

9 

92 

83 

78 

77 

82 

84 


Tig. l6. Variations in T.C.A. from a uni- 
form "block of .05*a-cre plots in 1938 Hakalau 
Blank Test. 


2 

15 

28 

41 

10,2 

1C. 8 

8.2 

8.1 

3 

16 

29 

42 

9.0 

9.1 

9.7 

9.5 

4 

MB 

30 

43 

12,1 

mssom 

9.5 

9.4 


Ha 

31 

44 



9.0 

9.0 

6 

19 

32 

45 

11.5 

10.2 

9.0 

9.9 


Tig.r 17* Variation in T C 
in block of 20 plots of 1929 
Hakalau Blank Test. 


9 

10 

11 

12 

. 13 

14 

15 

16 

9.4 

9.7 

8.1 

I 8.3 

8;5 

9.8 

10.8 

11.0 


Tig, 18, Yield % cane variations in 8 sections of a 12-row 
strip of cane from Grove Farm Bxpt. 69 V, 


trolled “pot-test” technique in their investigations. Thus we have found such yield 
differences as the following from separate but duplicate small containers cropped 
under identical conditions. 

POUNDS OF CANE HARVESTED FROM POTS HOLDING 


5 KILOS OF SOIL* 

75 

80 

Duplicate pot numbers 

83 85 88 91 

94 

96 

2.33 

2.69 

2.77 3.75 2.88 3.73 

2.75 

1.97 


* Project A 105 — No. 140.1. 


somewhat larger containers, variations in weights, from 
tiupkated j?ots of cane are apt to be wide ■ 
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POUNDS OF CANE HAEVE8TED FROM POTS HOLDING 
8 CUBIC FEET OF SOIL* 


2 

6 

10 

DUPLtCATE POT NUMBERS 

17 21 25 

105 

109 

113 

43 

74 

57 

67 77 70 

49 

69 

60 

* Project A 105 — No. 123. 


Cane Quality: 

Diflferences in cane quality, though perhaps not usually as great as differences in 
cane yields, are nevertheless found, even when there seems to be no easily apparent 
difference in the cane itself. Thus in the 1929 Hakalau Blank Test, a block of twen- 
ty .05 -acre plots located on the most uniform-appearing part of the test area pro- 
duced Yellow Caledonia cane with quality differences indicated by yield per cent 
cane values between 8.1 and 12.1 (Fig. 17). All of these plots had received identical 
treatment. At Grove Farm (Expt. 89V) a uniform 12-row strip of 31-1389 cane, 
divided into eight .13-acre sections at harvest had variations between 8.1 and 11.0 
per cent in its yield per cent cane (Fig. 18). 

Cane quality variations are also found even when a controlled ])ot-culture tech- 
nique is used by the investigator. Thus 31-1389 cane harvested from 4 large con- 
crete tul)s (.capacity 500 ])ounds, soil), all of which had similar exposures to weather 
factors and identical treatment, showed a consideral)le amount of difference in their 
cane (juality, even though they differed less than 10 per cent in their cane weights. 


YIELD PER CENT CANE* 


DI'PLK'ATK 
27 31 

l*<>T Xl'MBEKS 

35 

39 

15.4 13.7 

11.9 

14.3 

* Project A 

105 — No. 33. 



With smaller containers holding al)out 70 |X)unds of well-mixed soil and care- 
fully handled to provide identical growth conditions for the cane therein, variations 
in the yield per cent cane from 6 pots of 32-8560 cane ranged from 8.3 to 10.9. 


YIELD PER CENT CANE* 




Duplicate pot 

NUMBERS 



5 

13 

18 

26 

40 

48 

9.1 

10.9 

10.6 

10.0 

9.2 

8.3 


* Project A 105 — No. 170. 


Variation in Sugar Yields 

To complete the picture of variations with which sugar cane investigators must 
deal, a few instances of the many variations in sugar yields from units of identically 
treated cane are offered. In Figs. 19 and 20 these are taken from two of the Blank 
Tests; in Fig. 21 they come from one of the '‘strip’' layouts. Finally, even the care- 
fully controlled pot tests can show such differences between duplicated pots as these. 
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LARGE POTS; POUNDS OF RECOVERABLE SUGARS 


5 

9 

13 

Duplicate 

16 

POT 

20 

NUMBERS 

24 

102 

106 

110 

7.9 

7.9 

9.5 

8.1 

9.9 

8.8 

6.1 

6.7 

8.5 


* Project A 106 — No. 128. 


The Safeguard : Replications 

If the foregoing discourse upon variations in many of our sugar cane measure- 
ments has seemed an unduly long prologue, it is nevertheless an attempt to present 
critical facts as we have found them. And although such a presentation may seem 
to have put us up against a rather hopeless and confusing set of actualities, we know 
that there are certain safeguards which, if adequately and correctly used, will enable 
us to make sense out of these measurement variations. 

The most valuable of these safeguards is repetition or what we more commonly 
call replication, for this will quite largely distribute these normal variations impar- 
tially, and also in such a way that their eflPects can be identified and measured, if de- 
sired. The following examples which are taken from Grade A field experiments 
will illustrate how a wide range in cane yields harvested from replicated plots which 
have received identical treatments can “average out” to about the same value when 
the existing’ variations are given an unbiased opportunity for impartial distribution 
to the different treatments. Thus although a series of 9 “B” plots in Hutchinson 
Experiment 50 produced a wide range of between 60 and 116 tons cane per acre, and 
their adjacent “C” plots varied between 59 and 104 tons, yet in both series with these 
wide yield variations the average yield of the.se 9 plots was the same, i.e., 87 tons per 
acre (Fig. 22). Similarly from Kekaha Experiment 17 we note that identical average 
yields of cane were harvested from 9 replicated plots of ])oth Treatment B and Treat- 
ment C even though the range in cane yields within each group of 9 plots was ex- 
tensive (Fig. 23). Many similar instances are on record which show this “evening- 
up” tendency for normal variations which replication provides. This applies to yield 
per cent cane values as well as to cane yields. Thus two series of 8 plots each in Ewa 
Experiment 368K showed a range in Y%C from 11.4 to 13.5 and between 11.2 and 
13.7 respectively, yet averaged out to 12.6 and 12.5. And the cane in each of two se- 
ries of 9 plots from Kaiwiki Experiment 77 averaged 8.5 ip Y%C from the 9 sepa- 
rate values which ranged from 6.6 to 9.9 in one series and between 6.8 and 10.1 in 
the other. 

Probably no scientific worker ever actually had too much information or too 
many measurements from the standpoint of establishing reliable conclusions. No 
one will argue that a measurement or value from a single sample furnishes as re- 
liable an estimate of the whole as the average value obtained from many samples, 
tifhen a proper sampling techniqm is used, yet economy of time and labor too fre- 
quently limits the number of samples which the investigator is allowed to take. 
Thereafter, even though his measurements are carefully made with precision instru- 
ments and his minutely executed analysis gives him great personal satisfaction, such 
precision cannot safely be the critique upon which the reliability of his findings is 
based. 

Without an adequacy of samples the accuracy of all hypotheses made therefrom 
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must suffer. This can be illustrated by an example from Pepeekeo Experiment 50. 
In Fig. 24 we show the cane yields and relative positions of 10 blocks of plots, each 
block carrying one plot of each of 3 different treatments, which we have identified 
simply as X, B, and C, in order to keep this discussion purely objective. 

Let us look first at Block No, 1. Here the cane yields from the 3 treatments 
were identical, and if this had been the full extent of our comparisons we would be 
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63 
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44 

49 

50 

47 


Block 

10 


forced to interpret these 42-ton yields as showing no difference in the effect from 
the 3 treatments. On the other hand if our comparisons had been made only from 
Block No. 2 our conclusion would have been a very different one, for it would cer- 
tainly appear that “C’’ had produced more cane than “B” and that “B” had |)ro(luced 
more than in this block. In fact a 14-ton difference between “C” and “X” would 
have been an easily visible difference and could have been noted from observation 
alone, both before and at harvest. Thus this example has its word of warning for 
those who would depend upon single “observation tests,” for one would certainly be 
misled by the information obtained from either one of these blocks alone. 

And wait! Look at the yields in Block No. 3 where we now find just the reverse 
of what we had in Block No. 2, for here the “X” plot has produced more cane than 
the “B” plot and “B” has produced more than “C.” This 9-ton difference between 
'‘X” and “C,” which here favors “X,” was sufficiently large to have been noted by 
observation, too. Hence, if our comparison, either by observation or by actual yield 
measurement, had been made only in Block No. 3, our interpretation of treatment 
effect would have been a still different one. 

A further inspection of the comparative yields in the other blocks reveals many 
further discrepancies. Thus in Blocks No. 4, 6, 7, and 10 the differences between 
the 3 treatment effects are not very large and they do not consistently favor any one 
treatment. In Blocks No. 5 and 9 the yields from “C” were greater than from “B” 
or ”X,” and ”B” was ahead of “X” whereas in Block No. 8 we note “B” better than 
X or C but here “X” is higher than “C.” Confusing? Perhaps so, but problems of 
a biological source have never been easy to solve, and effects from known differen- 
tial treatments are not always easy to identify positively because natural variations 
are so cc^tHiton and extensive and not so easily recognized. 
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Conclusion 

We are forced to the conclusion that, in order to allow for the unbiased distribu- 
tion of natural variation which we have shown to exist in all basic materials which 
are measured and analyzed by the sugar cane research worker, the most effective 
way to obtain greater accuracy is to increase the number of replications of samples. 
We believe that it is far better to have measurements or analyses made from many 
samples by means of rapid approximate methods than to spend an equivalent time 
making ultra-refined measurements on only a few samples, because the extent of the 
variations involved in the sample itself is likely to be much greater than in the meas- 
urement concerned, if trained workers are involved in the investigation. But due to 
a limited labor supply, replication tends to offer us difficulty and the natural ten- 
dency is to take fewer but perhaps larger samples or perhajis to composite many 
carefully obtained samples and thereliy reduce the required analytical work. In- 
creasing the unit sample size may help somewhat to increase accuracy but not to the 
same extent as increasing the replicates, and for comparative purposes much valu- 
able information is lost when separate samples are comjiosited. Therefore, to the 
careful investigator, replication becomes his fundamental tool, by means of which 
he obtains a measure of the reliability of his results at the same time that he gets his 
desired measurements. Thus if he had only one “X'" sample and one “W’ sample 
he could have only one difference and this difference would be a measure of both the 
treatment effect and the uncontrolled effects. If, however, he had provided several 
replicates of his X and Y treatment, and designed his investigation to give an effec- 
tive control of the uncontrolled variations, he can then estimate the amount of influ- 
ence from these uncontrolled effects and thereafter make a less biased comparison 
of the actual treatment effect.s — which is what he actually wants to do. 
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The Synthesis of Sucrose in the Sugar Cane Plant — II 

The eflFects of several inorganic and organic compounds upon the intercon- 
version of glucose and fructose and the formation of sucrose in detached 
organs of the sugar cane plant 


By Constance E. Hartt 

1. Inorganic Nutrients and the Formation of Sucrose 

Phosphorus : 

Six tests have been conducted in which blades were supplied with phosphate 
along with 5 per cent glucose. In five of these tests the blades with phosphate had 
better synthetic efficiencies than the blades without phosphate, but in one test the 
blades with phosphate had a lower synthetic efficiency than the blades without phos- 
phate. The results of one of these tests are ])resented in full in Tables I and II, 
and the results of the other tests are summarized in Table III. 


TABLE I 

MOISTURE AND SUGAR PERCENTAGES IN BLADES SUPPLIED WITH ;*)% 
GLUCOSE AND DIFFERENT AMOUNTS OF NaH>>P04 FOR 24 HOURS 

Oranis NaH 2 l *04 


per liter Moisture Redueiiig sugars Sucrose Total sugars 

Initial control 73.02 ± 0.0.43 1.066 ± 0.009 2.281 ± 0.000 3.468 ± 0.008 

0 72.37 ± 0.024 1.565 ± 0.000 4.598 ± 0.022 6.406 ± 0.024 

0.4 72.20 ± 0.076 1.478 ± 0.002 4.478 ± 0.003 6.191 ± 0.000 

2.1 72.24 ± 0.157 1.558 ± 0.031 4.959 ± 0.133 6.779 ± 0.109 

8.3 71.49 ± 0.076 1.687 ± 0.002 5.371 ± 0.035 7.341 ± 0.034 


TABLE II 

GAINS IN SUGARS AND SYNTHETIC EFFICIENCIES OF BLADES SUPPLIED WITH 
5% GLUCOSE AND DIFFERENT AMOUNTS OF NaH2P04 FOR 24 HOURS, CAL- 
CULATED FROM TABLE I 


Grams NaH 2 P 04 Gain in Gain in Synthetic 

per liter total sugars sucrose efficiency 

0 2.938 2.317 78.86 

0.4 2.723 2.197 80.68 

2.1 3.311 2.678 80.88 

8.3 3.873 3.090 79.78 


Plants were grown in aerated nutrient solutions with and without phosphate. At 
a little less than two months of age, when the tops of the plants supplied with phos- 
phate were twice as tall as those of the plants deprived of phosphate, the plants were 
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TABLE III 

GAINS IN SUGARS AND SYNTHETIC EFFICIENCIES OF BLADES SUPPLIED WITH 
5% GLUCOSE OR FRUCTOSE AND 0,8% NaHoP04 OR KH2PO4 FOR 24 HOURS 


Phosphate 

Sugar 

Gain in 

Gain in 

Synthetic 

supplied 

supplied 

total sugars 

sucrose 

efficiency 

0 

Glucose 

3.227 

2.439 

75.58 

0 

Fructose 

2.922 

1.930 

66.05 

0 

Both 

2.801 

2.065 

73.72 

NaH2P04 

Glucose 

3.463 

3.343 

96.53 

NaH2P04 

Fructose 

3.311 

3.103 

93.71 

NaHoP04 

Both 

3.167 

3.169 

100.06 

0 

Glucose 

3.198 

2.469 

77.20 

NaH2P04 

Glucose 

3.364 

2.783 

82.73 

0 

Glucose 

2.482 

1.835 

73.93 

NaH2P04 

Glucose 

2.756 

1.851 

67.16 

0 

Glucose 

2.888 

2.152 

74.51 

NaH2P04 

Glucose 

3.111 

2.438 

78.36 

KH2PO4 

Glucose 

2.189 

1.766 

80.67 

0 

Glucose 

4.341 

3.487 

80.32 

KH2PO4 

Glucose 

4.034 

3.346 

82.94 


removed from their solutions, the roots were cut from the tops, and were washed 
and centrifuged as usual. The excised roots and the entire tops were supplied with 
5 per cent glucose for 24 hours. The moisture and sugar percentages are presented 
in Table IV, the gains in sugars and the synthetic efficiencies in Table V, and the 
fructose and glucose percentages in Table VI. The roots of the plants grown with 

TABLE IV 


MOI8TURE AND SUGAR PERCENTAGES IN EXCISED ROOTS AND ENTIRE TOPS 
OP PLANTS GROWN WITH AND WITHOUT PHOSPHATE AND SUPPLIED WITH 
6% GLUCOSE FOB. 24 HOURS 


Series 

Initial control : 

Moisture 

Reducing sugars 

¥ 

Sucrose 

Total sugars 

Roots 4- P 

.... 88.38 ± 0.219 

1.670 ± 0.014 

1.641 ± 0.003 

3.397 ± 0.017 

Roots — P 

.... 87,07 ± 0.005 

2.200 ± 0.000 

1.286 ± 0.035 

3.564 ± 0.036 

Tops -f P 

.... 83.29 ± 0.133 

4.421 ±0.001 

3.675 ± 0.023 

8.289 ± 0.025 

Tops — P 

In glucose : 

.... 81.16 ± 0.062 

2.535 ± 0.063 

4.088 ± 0.078 

6.839 ± 0.146 

Roots -f P 

88.48 ±0.048 

7.961 ± 0.028 

6.069 ± 0.068 

14.360 ± 0.044 

Roots — P 

. . . . 87.30 ± 0.009 

9.457 ± 0.033 

6.351 ± 0.039 

16.143 ± 0.008 

Tops 4- P ........ 

. . . .. 80.76 ±0.014 

6.44X4:0.007 

4.797 ± 0.032 

10.491 ± 0.040 

Tops . . . . . 

78.16 -+- 0.215 

4.328 ± 0.032 

6.496 ± 0.016 

10,114 ± 0.016 
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TABLE V 

GAINS IN SUGARS AND SYNTHETIC EFFICIENCIES IN EXCISED ROOTS AND 
ENTIRE TOPS OF PLANTS GROWN WITH AND WITHOUT PHOSPHATE AND 
SUPPLIED WITH 5% GLUCOSE FOR 24 HOURS, CALCULATED FROM TABLE IV 


(Liin in Gain in Synthetic 

^^ries total sugars sucrose efficiency 

Roots -f 1" ] 0.053 4.428 40.42 

Roots — P 12.589 5.065 40.23 

Tops -f P 2.202 1.122 50.95 

Tops — P 3.275 1.408 42.99 


TABLE VI 

FRUCTOSE AND GLUCOSE PERCENTAGES IN EXCISED ROOTS AND ENTIRE TOPS 
OF PLANTS GROWN WITH AND WITHOUT PHOSPHATE AND SUPPLIED WITH 
5% GLUCOSE FOR 24 HOURS 

Gain in Gain in 


Series 

Fructose 

fructose 

Glucose 

glucose 

Initial control: 





Roots + F* 

0 


1.670 ± 0.014 


Roots — P 

1.097 H- 0.005 


1.103 ± 0.005 


Tops -h F 

2.694 -H 0.011 


1.726 ± 0.009 


Tops — F 

2.289 0.013 


0.245 ± 0.077 


Ill glucose: 





Roots + 1' 

2.044 0.048 

2.044 

5.917 ± 0.075 

4.247 

Roots — F 

1.754 0.010 

0.657 

7.703 ± 0.023 

6.600 

Tops -f- P 

3.251 H- 0.142 

0.557 

2.190 ± 0.135 

0.464 

To])s — I* 

2.545 -+- 0.007 

0.256 

1.783 ± 0.040 

1.538 


and without phosidiate did not differ in synthetic efficiency. But the tops of the 
plants grown with phosjdiate had a higher synthetic efficiency than the tops of the 
[)Iants grown without ]:)hosphate. Both the roots and the tops made greater gains 
in fructose in the plants grown with phosphate, and greater gains in glucose in the 
plants grown without phosphate. These results suggest that phosphate is impor- 
tant in the conversion of glucose to fructose as well as in the synthesis of sucrose. 

In another experiment, in which plants were grown with and without phosphate 
for three months, detached roots were supplied with glucose in aerated culture for 
24 hours, with two replications per series. The synthetic efficiency of the roots 
grown with phosphate was 34.31 zt 2.499, while that of the roots grown without 
phosphate was only 2.92 ± 1.025. 

An experiment was then conducted to determine whether plants grown with and 
without phosphate for three months would have the synthetic efficiencies of their 
blades and roots equalized by the addition of phosphate along with the glucose in the 
synthesis test. For this purpose sodium phosphate and adenylic acid were used. 
Adenylic acid was chosen because it is an organic phosphate compound and because 
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studies with other organisms have shown the importance of adenosine triphosphate 
in the transfer of organic phosphate to glucose. Adenylic acid (= adenosine mono- 
phosphate) was obtainable whereas adenosine triphosphate was not. The results 
of the determinations of moisture and sugars are presented in Table VII, the gains 
in sugars and the synthetic efficiencies in Table VIII, and the percentages of glucose 
and fructose in Table IX. 

TABLE VII 

MOISTURE AND SUGAR PERCENTAGES IN EXCISED ROOTS AND BLADES OF 
PLANTS GROWN WITH AND WITHOUT PHOSPHATE FOR 3 MONTHS AND 
SUPPLIED WITH 5 % GLUCOSE WITH AND WITHOUT NaHaP04 AND ADE- 
NYLIC ACID FOR 24 HOURS 


Series Moisture Reducing sugars Sucrose Total sugars 

Boots: 

Initial control -I- P . 87.31 ± 0.014 1.500 ± 0.002 2.161 ± 0.009 3.776 ±0.012 

Initial control — P ... 86.39 ± 0.033 0.178 ± 0.009 1.126 ± 0.007 1.363 ± 0.003 

Glucose -fP ....; 87.62 ± 0.105 10.346 ± 0.011 7.737 ± 0.005 18.490 ±0.017 

Glucose + P 88.27 ± 0.272 10.279 ± 0.0.50 6.758 ± 0,017 17.394 ± 0.068 

Glucose — P 87.03 10.323 ± 0.017 2.241 ± 0.008 12.682 ± 0.009 

Glucose — P 86.63 ± 0.062 9.949 ± 0.015 1.998 ± 0.005 12.062 ± 0.020 

Glucose TNaHaPO^-f-P 86.78 ± 0.172 8.732 ± 0.005 6.707 ± 0.0.39 15.793 ± 0,067 

Glucose -l-NaHaPOi — P 87.57 ± 0.009 10.879 ± 0.008 0.926 ± 0.049 11.864 ± 0.0,39 

Blades: 

Initial control + P . . . 73.64 ± 0.043 2.381 ± 0.009 2.341 ± 0.016 4.896 ± 0.050 

Initial control — P .. . 69.16 ± 0.148 0.566 ±0.015 2.336 ± 0.004 3.024 ± 0.011 

Glucose -fP 69.44 ± 0.043 6.216 ± 0.047 12.806 ± 0.004 19.695 ± 0.042 

, Glucose -P 66.26 ± 0.038 3.891 ± 0.037 7.022 ± 0.029 11.283 ± 0.007 

Glucose -fNaHaPO^ + P 70.48 ± 0.133 6.781 ± 0.063 12.089 ± 0.066 18.607 ± 0.133 

Glucose -I- NaHaP 04 — P 64.60 ± 0.000 3.919 7.677 12.000 

Glucose -j- adenvlic 

acid -f- P 69.04 ± 0.129 6.417 ± 0.029 13.438 ± 0.042 20.662 ± 0.015 

Glucose -f adenvlic 

acid — P . . . ' 64.53 ± 0.272 4.223 ± 0.014 7.711 ± 0.020 12.340 ± 0.008 

Glucose -I- NaH 2 P 04 -|- 

adenylie acid -|- P . . 69.64 ± 0.081 6.248 12.263 19.157 

Glucose -f NaH.d >04 -(- 

adenylic acid — P . . 64.32 ± 0.277 4.056 ± 0.050 7.766 ± 0.056 12.230 ± 0.009 


Tables VII and VIII show that the blades and roots of the plants grown with 
phosphate contained higher percentages of reducing sugars and sucrose than did 
those of the plants grown without phosphate. The blades and roots of the plants 
supplied with phosphate also made greater gains in total sugars and sucrose and 
had higher synthetic efficiencies than did those of the plants deprived of phosphate. 
Greater gains in glucose and smaller gains in fructose were obtained in the blades 
and roots of the plants grown without phosphate than in those of the plants grown 
with phosphate. These findings prove that phosphate plays an important role in 
the conversion of glucose to fructose and the synthesis of sucrose. 
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TABLE VIII 

GAINS IN SUGARS AND SYNTHETIC EFFICIENCIES IN EXCISED ROOTS AND 
BLADES OF PLANTS GROWN WITH AND WITHOUT PHOSPHATE FOR THREE 
MONTHS AND SUPPLIED WITH 5% GLUCOSE WITH AND WITHOUT NaH2P04 
AND ADENYLIC ACID FOR 24 HOURS, CALCULATED FROM TABLE VII 


Series 

Gain in 
total sugars 

Gain in 
sucrose 

Synth eti( 

e efficiency 

Roots : 

Glucose -}- P 

.. 14.714 

5.576 

37.89 ) 


Glucose -f P 

. . 13.618 

4.597 

33 ^ 36.82 ± 0.987 

Glucose — P 

. . 11.319 

1.116 

9.85 j 


Glucose — P 

. . 10.689 

0.873 

8.16 \ 

9,00 ± 0.401 

Glucose + NaH 2 p 04 -f P 

. . 12.017 

4.546 

37.82 


Glucose 4- NaH.>P 04 — P 

. . 10.491 

-0.199 

0 


Blades: 

Glucose 4* P 

. . 14.800 

10.465 

70.70 


Glucose — P 

8.259 

4.687 

56.75 


Glucose 4- NaH 2 P 04 4“ P 

. . 13.612 

9.748 

71.61 


Glucose 4- NaH 2 P 04 —P 

9.976 

5.342 

53.54 


Glucose 4- adenylic acid 4- P 

15.667 

11.097 

70.83 


Glucose 4" adenvlic acid — P 

. . 9.316 

5.376 

57.70 


Glucose 4~ adenylic acid 4- NaH 2 P 04 4* P • 

.. 14.262 

9.922 

69.56 


Glucose 4 - adenylic acid 4 “ NaU 2 P 04 — P . 

. . 9.206 

5.430 

58.98 



TABLE IX 

FRUC^TOSE AND GLUCOSE PERCENTAGES IN EXCISED ROOTS AND BLADES OP 
PLANTS GROWN WITH AND WITHOUT PHOSPHATE FOR THREE MONTHS 
AND SUPPLIED WITH 5% GLUCOSE WITH AND WITHOUT NaH2P04 AND 
ADENYLIC A(MI) FOR 24 HOURS 


Series 

Fructose 

Gain in fructose 

Glucose 

Gain in glucose 

Roots : 







Tintial control 1 ^ 

0 



1.500 ± 0.002 



Initial control — P 

0 



0.178 ± 0.009 



Glucose -f F 

1.076 ± O.OI H 

1.076 I 


9.269 ± 0.029 

7.769 ) 


Glucose + P 

1.340 ± 0.036 

1.340 i 1*208 

± O.0G3 

8.939 ± 0.086 

7.439 ) 

7.604 ± 0.079 


0.803 - 1 - 0.040 

0.803 ^ 


9.620 ± 0.029 

9.342 j 




, „ 4 0.697 

0.050 



9.260 0.039 

Glucose — P 

0.592 ± 0.014 

0.592 ( 


9.357 ± 0.029 

9.179 i 


Glucose + NuILPOa + P . . . 

1.041 ± 0.017 

1.041 


7.691 ± 0.022 

6.191 


Glucose + NaH.PO^ - P . . . 

0 

0 


10.879 ± 0.008 

10.701 


Hlades : 







Initial control + P 

0.500 ± 0.025 



1*880 ± 0.034 



Initial control — P 

0 



0.666 ± 0.015 



Glucose + P 

1.672 ± 0.015 

1.172 


4.643 ± 0.062 

2.663 


Glucose — P 

0.651 ± 0.048 

0,661 


3,240 ± 0.010 

2.674 


Glucose -f NaH 2 P 04 + P - • • 

1.524 ± 0.013 

1.024 


4.267 ± 0.050 

2.377 


Glucose + NaH 8 P 04 - P . . . 

0.521 ± 0.047 

0.521 


3.496 

2.930 


Glucose + adenylic acid + P 

1.681 ± 0.019 

1.081 


4.835 ± 0.009 

2.955 


Glucose 4- adenylic acid — P 

0 

0 


4.223 ± 0.014 

3.657 


Glucose -f adenylic acid + 







NaHaPOi + P 

1.879 

1.379 


4.369 

2.489 


Glucose 4- adenylic acid 4 







NUH 2 PO 4 — P 

0.629 ± 0.060 

0.629 


3.426 ± 0.009 

2.860 



Supplying sodium phosphate to the excised blades and roots of the plants grown 
without phosphate did not increase their synthetic efficiencies, according to Table 
VIII. Evidently the mere presence of inorganic phosphate is not enough to insure 
a good ability to make sucrose from glucose. Since phosphate is important in inter- 
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conversion and synthesis, but inorganic phosphate is not able to make up the defi- 
ciency in synthesis tests using plants grown without phosphate, we may conclude 
that organic phosphate is required for interconversion and synthesis. This conclu- 
sion is in accord with the results obtained in an experiment with the enzyme phos- 
phatase, to be presented in another section. 

Supplying organic phosphate in the form of adenylic acid to the blades of the 
plants grown without phosphate resulted in only minor increases in synthetic effi- 
ciency, as shown in Table VIII. It is evident that the exact form of organic phos- 
phate required has not yet been found. This subject is treated from a different 
angle in the third part of this study, dealing with the effects of specific inhibitors 
upon enzyme action. 

Although inorganic phosphate did not increase the synthetic efficiency of the 
blades of the plants grown without phosphate, there was a small gain in the l)lades 
of the plants grown with phosphate, according to Table VIII. This result thus 
agrees with those already recorded in Tables I-III. Perhaps the addition of in- 
organic phosphate to the blades of plants grown with phosphate checks the conver- 
sion of organic phosphate to inorganic phosphate and thus favors synthesis. This 
idea is in agreemeht with the results of the phosphatase tests to be presented in an- 
other section. Phosphatase, an enzyme which converts organic phosphate to inor- 
ganic, decreases the synthesis of sucrose. 

These experiments show that phosphorus is a very important element in the 
conversion of glucose to fructose and the synthesis of sucrose. It is probable that 
the form of phosphate required is organic. 

Nitrogen: 

Blades were taken from plants grown in the field with 0, 100, and 200 jxninds 
nitrogen per acre, and were supplied with 5 per cent glucose for 24 hours. The 
results for moisture and sugars are reported in Table X, and the gains in sugars 
and synthetic efficiencies in Table XI. Both the gain in total sugars and the gain 
in sucrose were negatively correlated with the amount of nitrogen supplied, indi- 
cating either that nitrogen interfered with the absorption of sugar, or that some of 
the sugar absorbed by the blades of the high-nitrogen series reacted with nitroge- 
nous compounds. The synthetic efficiency was best in the blades of the plants grown 
with 200 pounds N per acre. The activity of invertase was determined in these 
blades and the results are presented in Table XII. The results are expressed in 
cc. N/20 KMn 04 and represent the increase in reducing action using 3 per cent 

tabi:e X 

MOISTURE AND SUGAR PERCENTAGES IN BLADES OF PLANTS GROWN WITH 
. different amounts of nitrogen and supplied with 5% GLUCOSE 

FOR 24 HOURS 


Series Moisture Reducing sugars Sucrose Total sugars 

Initial control: 

ON 74.61 1.037 i: 0.012 1.733 ± 0.015 2,866 ± 0.003 

100 lbs. N ......... 73.08 ± 0.038 0.968 =fc 0.009 1.788 ± 0.014 2.851 ± 0.005 

JOO lbs. N . . 74.63 ± 0.043 1.070 ± 0.013 1.739 di 0.013 2.902 ± 0.000 

In ^ueose : 

0 N ... . . . . . . ... 72.98 ± 0.129 1.298 ± 0.002 3.833 ± 0.023 6.333 ± 0.022 

100 lbs. N ... ...... 71.47 ± 0.362 1.172 ±: 0.008 3.378 ± 0.043 4.728 ± 0.038 

^O lbsi N^ 72^6 ±: 0.095 1.077 ±: 0.022 3.046 ± 0.010 4.283 ± 0.010 
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TABLE XI 


GAINS IN SUGARS AND SYNTHETIC EFFICIENCY OF BLADES OF PLANTS GROWN 
WITH DIFFERENT AMOUNTS OF NITROGEN AND SUPPLIED WITH 5% GLU- 
COSE FOR 24 HOURS, CALCULATED FROM TABLE X 




Gain in 

Gain in 

Synthetic 

Series 


total sugars 

sucrose 

efficiency 

ON 


2.467 

2.095 

84.92 

100 lbs. N 


1.877 

1.590 

84.70 

200 lbs. N 


...... 1.381 

1.306 

94.56 


TABLE XII 



INVERTASE ACTIVITY 

IN BLADES 

OP PLANTS GROWN WITH DIFPERENT 

AMOUNTS OP NITROGEN AND SUPPLIED WITH 5% 

GLUCOSE FOR 24 HOURS, 

EXPRESSED IN CC. 

N/20 KMn04 






^ In verta sc — > 


Amount of N 


Initial controls 

In glucose 


0 


15.03 

18.38 


100 lbs 


17.79 

17.24 


200 lbs 


18.96 

16.57 



sucrose at pH 4.5 as the medium. The activity of invertase in the initial controls 
was positively correlated with the amount of nitrogen, but in the blades supplied 
with glucose for 24 hours, the activity of invertase was inversely correlated with 
the amount of nitrogen. In another experiment plants were grown in sand cultures 
with different amounts of nitrogen and the activity of invertase was determined in 
separate organs, at pH 4.5, with the results reported in Table XIII. The activity 
of invertase was positively correlated with the amount of nitrogen in all organs. 


TABT.E XIII 

INVERTASE ACTIVITY IN PLANTS GROWN WITH DIFFERENT AMOUNTS 
OF NITROGEN, EXPRESSED IN CC. N/20 KMn04 


Dry-leaf 

Series Blades Sheaths Grean-leaf cane cane 

Complete 17.41 25.87 ^ 31.02 50.75 

Low N 8.08 13.38 21.20 10.29 

No N 7.83 12.71 7.86 


Summing up the results with plants grown with different amounts of nitrogen, 
it appears that both the synthetic efficiency and the activity of invertase were great- 
est in the plants grown with high nitrogen. 

To find the effect of supplying blades with different amounts of nitrogen along 
with the glucose, experiments were conducted using sodium nitrate and ammonium 
sulphate. The results of the experiment with sodium nitrate are recorded in Tables 
XIV to XVI. The synthetic efficiency was increased by the addition of 100-200 
p.p.m. N as sodium nitrate, but greatly decreased by the addition of 400-800 p.p.m. 
N. The conversion of glucose to fructose was also decreased by 400-800 p.p.m. N. 
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TABLE XIV 

MOISTUEE AND 8UGAE PEECENTAGES IN BLADES SUPPLIED WITH DIPFEEENT 
AMOUNTS OF NaNO^ IN 5% GLUCOSE FOB 24 HOUES 


p,p.in. N Moisture Eeducing sugars Sucrose Total sugars 

Initial control 70.96 ± 0.124 0.949 ± 0.035 2.737 ± 0.012 3.832 ± 0.023 

0 .... 70.32 ± 0.143 2.718 ± 0.000 7.630 ± 0.014 10.750 ± 0.014 

100 68.44 ± 0.148 2.167 ± 0.002 6.768 ± 0.010 9.281 ± 0.009 

200 69.58 ± 0.052 2.231 ± 0.002 7.128 ± 0.017 9.734 ± 0.015 

400 68.66 ± 0.076 2.667 ± 0.025 6.080 ± 0.002 7.904 ± 0.028 

800 68.68 ± 0.153 4.790 ± 0.008 3.876 ± 0.007 8.870 ± 0.015 


The results of the experiment with ammonium sulphate are reported in Tables 
XVII-XIX. Contrary to the findings with sodium nitrate, ammonium sulphate 
appeared to have no definite effect upon the synthetic efficiency or upon the conver- 
sion of glucose to fructose. Since sodium nitrate (400-8CK) p.p.m. N) decreased 
the synthetic efficiency, whereas ammonium sulphate (also 400-800 p.p.m. N) had 
no effect upon the synthetic efficiency, one may conclude either that the deleterious 
factor in sodium nitrate is the sodium or that the effects of nitrate and ammonium 
upon synthesis are different. Table II shows that sodium phosphate had no dele- 
terious effect upon synthesis, for which reason it is concluded that sodium is not the 
inhibitory factor. Therefore these tests indicate that supplying high amounts of 
nitrate directly to tlie blades decreased their synthetic efficiency. No -tests were 
made of the actual nitrate content of the blades, but since the detached blades were 
placed directly in the solutions of nitrate it is possible that the blades contained some 
nitrate. Normal attached blades, however, growing in the field and supplied with 
nitrate fertilizer have never been found to contain nitrate, due to the rapid reduc- 
tion of nitrate which is known to take place in the roots. 


TABLE XV 

GAINS IN SUGAES AND SYNTHETIC EFFICIENCY OF BLADES SUPPLIED WITH 
DIFFERENT AMOUNTS OF NaNO^ IN 5% GLUCOSE FOR 24 HOURS, CALCU- 
LATED FROM TABLE XIV 



Gain in 

Gain izi 

Syntlictic 

p.p.m. N 

total sugars 

sucrose 

efficiency 

0 

6.918 

4.893 

70.72 

100 

5.449 

4,031 

73.97 

200 

5.902 

4.391 

74.39 

400 

4.072 

2.343 

57.53 

800 

' 5.038 

1.138 

22.58 


TABLE XVI 

FEUCTOSE AND GLUCOSE PERCENTAGES IN BLADES SUPPLIED WITH 
DIFFERENT AMOUNTS OP NaNOg IN 5% GLUCOSE FOR 24 HOURS 


Gain in Gain in 

p.p.m. N Fructose fructose Glucose glucose 

Initial control 0.662 ± 0.032 0.387 ± 0.003 

0 1.881:^ 0.155 0.819 1.336 ± 0.155 0.949 

100 1.067 ± 0.074 0.505 1.089 ± 0.076 0.702 

200 ... . . 1.063 ± 0.012 0.491 1.178 ± 0.009 0.791 

400 ..V.... 0M7±'dM6 0.015 1.969 ± 0.019 1.582 

800 , . ...... a816± 0.012 0.254 3.974 ± 0.005 3.587 
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TABLE XVII 

MOISTUEE AND SU6AE PEECENTAGE8 IN BLADES SUPPLIED WITH DIPEEEENT 
AMOUNTS OF (NH4)2S04 IN 5% GLUCOSE FOE 24 HOUE8 


p.p.m. N Moisture Eeducing sugars Sucrose Total sugars 

Initial control 67.99 ± 0.071 0.946 ± 0.028 S.161 ± 0.011 4.273 ± 0.016 

0 67.09 ± 0.167 1.648 ± 0.033 6.699 ± 0.018 8.601 ± 0.014 

100 66.84 ± 0.205 1.293 ± 0.016 6.802 ± 0.037 7.400 ± 0.055 

200 66.62 ± 0.014 1.686 ± 0.033 6.367 ± 0.012 8.388 ± 0.046 

400 66.31 ± 0.009 1.328 ± 0.002 6.702 ± 0.019 7.330 ± 0.022 

800 66.44 ± 0.038 1.493 ± 0.023 6.360 ± 0.005 7.126 ± 0.028 


TABLE XVIII 

GAINS IN SUGAES AND SYNTHETIC EFFICIENCY OF BLADES SUPPLIED WITH 
DIFFEBENT AMOUNTS OP (NH4)2804 IN 5% GLUCOSE FOE 24 HOUES, CAL- 
CULATED PEOM TABLE XVII 


Gain in Gain in Synthetic 

p.p.m. N total sugars sucrose efficiency 

0 4.328 3..5.38 81.75 

100 3.127 2.641 84.46 

200 4.115 3.206 77.91 

400 .3.057 2.541 83.12 

800 2.852 2.189 76.75 


TABLE XIX 

PEUCT08E AND GLUCOSE PERCENTAGES IN BLADES SUPPLIED WITH 
DIPFEEENT AMOUNTS OF (NH4)2S04 IN 5% GLUCOSE FOE 24 HOUES 


Gain in Gain in 

p.p.m. N Fructose fructose Glucose glucose 

Initial control 0.488 ± 0.024 0.467 ± 0.004 

0 0.939 ± 0.025 0.451 0.609 ± 0.058 0.152 

100 1.067 ± 0.016 0.579 0.226 ± 0.000 -0.231 

200 0.956 ± 0.020 0.468 0.729 ± 0.013 0.272 

400 0.400 ± 0.003 -0.088 0.927 ± 0.000 0.470 

800 0.718 ± 0.004 0.230 0.774 ± 0.019 0.317 


These experiments with nitrogen indicate that growing plants with a deficient 
suj)ply of nitrogen decreases both the activity of invertase and the synthetic effi- 
ciency, but that supplying a surplus of nitrate to the blades interferes both with the 
conversion of glucose to fructose and with the synthesis of sucrose. 

2. Organic Compounds and the Formation of Sucrose 

Invertase: 

Studies of potassium deficiency in sugar cane reported in 1934 (31)’’' were , 
thought to oflFer indirect evidence that sucrose in the sugar cane ])lant is synthesized 
by invertase. Oparin (66) claimed to have synthesized sucrose by the simultaneous 
action of invertase and phosphatase of yeast. Using the method of vacuum infil- 
tration, Kurssanov (48) found that the introduction of very weak concentrations 
of invertase into leaves stimulated the formation of sucrose from glucose. Studies 
of the eflFect of invertase, using ^Uonvertit^^ prepared by Wallerstein Company were 
therefore undertaken. 

* Numbers in parentheses refer to literature citations at the end of the fourth part of this 
paper. 
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When blades were placed in five and ten per cent solutions of Gonvertit, they 
absorbed the Gonvertit which resulted in almost complete inversion of the sucrose 
already present in the blades. An experiment was then conducted in which the 
weak concentrations of Gonvertit suggested by Kurssanov were used. The blades 
used in this experiment were obtained from plants deficient in nitrogen, since it had 
already been found that invertase activity is weak in plants deprived of nitrogen. 
The blades were supplied with Gonvertit for 24 hours, followed by 5 per cent glu- 
cose for 24 hours. The results for moisture and sugars are presented in Table XX, 


TABLE XX 

MOISTURE AND SUGAR PERCENTAGES IN BLADES SUPPLIED WITH GONVERTIT 
FOR 24 HOURS FOLLOWED BY 5 % GLUCOSE FOR 24 HOURS 


% Gonvertit 

Moisture 

Reducing sugars 

Sucrose 

Total sugars 

Initial control 

. 68.41 ± 0.043 

0.860 ± 0.045 

2.208 ± 0.046 

3.184 ± 0.093 

0 

. 67.12 ± 0.200 

1.206 ± 0.009 

6.246 ± 0.006 

7.782 ± 0.016 

0.01 

. 68.67 ± 0.143 

1.654 ± 0.006 

6.431 ± 0.008 

8.324 ± 0.014 

0.025 

. 66.98 ± 0.086 

1.294 ± 0.012 

6.840 ± 0.031 

7.442 ± 0.020 

0.05 

. 67.66 ± 0.076 

1.469 ± 0.045 

5.969 ± 0.034 

7.762 ± 0.009 

0.10 

. 67.21 ± 0.029 

1.661 ± 0.040 

6.105 ± 0.057 

6.926 ± 0.019 

0.25 

. 66.53 ± 0.133 

2.230 ± 0.041 

5.200 ± 0.014 

7.703 ± 0.026 


TABLE XXI 



GAINS IN SUGARS AND SYNTHETIC 

EFFICIENCY OF 

BLADES SUPPLIED WITH 

CONyEKTIT FOE 24 HOURS FOLLOWED BY 5% GLUCOSE FOR 24 HOTTR 8 , CAL- 

CULATED FROM 

TABLE XX 






Gain in 

Gain in 

Svnthetic 

% Gonvertit 


total sugars 

sucrose 

efficiency 

0 


4.598 

4.038 

87.8 

0.01 


5.140 

4.223 

82.1 

0.025 


4.258 

3.632 

85.2 

0.05 


4.568 

3.761 

82.3 

0.10 


3.741 

2.897 

77.4 

0.25 


4.519 

2.992 

66.2 


TABLE XXII 

INVERTASE ACTIVITY IN BLADES SUPPLIED WITH GONVERTIT FOR 24 HOURS 
FOLLOWED BY 5% GLUCOSE FOR 24 HOURS, EXPRESSED IN CC. N/20 KM 11 O 4 
Per cent Gonvertit Invertase at pH 4.5 


Initial control 10.18 

0 9.22 

0.01 10.73 

0.025 13.00 

0.05 18.11 

0.10 23.04 

0.25 38.00 


and the gains in sugars and synthetic efficiencies are recorded in Table XXL The 
activity of invertase is shown in Table XXII. The activity of invertase in the blades 
was positively correlated with the percentage of Gonvertit supplied, indicating that 
the blades absorbed the Gonvertit. But the absorption of Gonvertit did not aid 
synthesis, as the synthetic efficiencies of all the blades supplied with Gonvertit were 
lower than that of the blades with no Gonvertit. It is true that the blades supplied 
Gonvertit made a small but significantly greater gain in sucrose 
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than the blades with no Convertit, but this was merely due to the fact that they 
absorbed more glucose, as shown by their greater gain in total sugars. 

Only one test has shown an improvement in synthesis in blades supplied with 
Convertit. The synthetic efficiency of blades without Convertit was 83.0, while 
that of blades with 0.025 per cent Convertit was 85.4. 

The results herein presented are not in accord with the view that invertase syn- 
thesizes sucrose. Of course one may argue that the Convertit used was not in the 
right form. However, it is apparent that one must search for other constituents 
of the mechanism for the synthesis of sucrose. 

Phosphatase : 

Phosphatase was prepared from veal marrow leones by the method of Martland 
and Rol)ison (57). Bone phosphatase hydrolyzes fructose diphosphate forming 
glucose-, fructose-, and perhaps mannose-6-])hosphate, according to MacLeod and 
Rol)ison (56). Liebknecht (52) reported that bone phosphatase hydrolyzes adenyl 
pyrojdiosphate (~ adenosine triphosj)hate) sjditting off first the easily hydrolyzable 
phos])hate and then the phosphate on the C.-j of the ribose. Our preparation of 
phos])hatase could liberate inorganic phosphate from organic compounds as shown 
by a test with glycerophosphate. Blades were supplied with approximately 0.25 
])er cent of the phosphatase ])reparation for 24 hours, followed by 5 per cent glu- 
cose or fructose for 24 hours. The percentages of moisture and sugars are recorded 
in Table XXII T. The gains in sugars and the synthetic efficiency are shown in 
Tal)le XXIV. 

TABLE XXIII 

MOISTURE AND SUGAR PERCENTAGES IN BLADI^S SUPPLIED WITH PHOS- 

PHATASE FOR 24 HOURS FOLLOWED BY GLUCOSE OR FRUCTOSE FOR 24 


HOURS 

Sorios Moisture Reduriiig sugars Sucrose Total sugars 

Initial control 72.68 ± 0.033 1.076 ± 0.010 2.766 ± 0.022 3.988 ±: 0.033 

Water followed by: 

Glucose 71.76 ± 0.029 1.833 it 0.01.5 5.250 ± 0.01 1 7.360 ± 0.027 

Fructose 71.39 ± 0.038 2.066 ± 0.019 4.741 ± 0.011 7.055 ± 0.007 

Both 69.79 ± 0.019 1.801 ± 0.040 4.876 ± 0.031 6.934 ± 0.007 

Phosphatase followed by: 

(Jluco.se 67.74 ± 0.009 2.031 ± 0.012 3.267 ± 0.039 5.471 ± 0.053 

Fructose 67.51 ± 0.062 1.856 ± 0.005 3.036 ± 0.014 5.062 ± 0.019 

Both 69.38 ± 0.138 2.144 ± 0.019 3.071 ± 0.017 5.377 ± 0.001 


TABLE XXIV 

GAINS IN SUGARS AND SYNTHETIC EFFICIENCY OF BLADES SUPPLIED WITH 
0.25% PHOSPHATASE FOR 24 HOURS FOLLOWED BY 57r GLUCOSE OR FRUC- 
TOSE FOR 24 HOURS, CALCULATED FROM TABLE XXIII 



Gain in 

Gain in 

Synthetic 

Series 

total sugars 

sucrose 

efficiency 

Water followed l)y: 





3.372 

2.484 

73.66 


3.067 

1.975 

64.39 

Both 

2.946 

2.110 

71.62 

Phosphatase followed by: 

Gln/^nao 

1.483 

0.501 

33.78 

- 

. 1.064 

0.270 

25.37 

Both 

1.389 

0.305 

21.95 
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This experiment mdicates that phosphatase hinders synthesis. In another expe- 
riment with blades phosphatase decreased the synthetic efficiency, using glucose, 
from 84.33 to 62.45. In an experiment with excised roots, phosphatase decreased 
the synthetic efficiency from 39.74 to zero. These results are in accord with the view 
that organic phosphate plays a role in the formation of sucrose. 

Invertase and phosphatase are the only enzymes which have been introduced 
into blades. One experiment was conducted with detached roots supplied with 0.25 
per cent zymin in 5 per cent glucose and the result was a decrease in the synthetic 
efficiency from 39.74 to zero. Other enzymes have been studied indirectly by the 
use of specific inhibitors, and these studies will be reported in the third pay)er of 
this series. 

Hormones: 

In experiments with entire plants including roots, the roots were found to absorb 
glucose or fructose and make sucrose ; but in experiments with excised roots, the 
roots were found to absorb glucose or fructose but make little or no sucrose. The 
suggestion was. made (34) that roots obtain from the tops some constituent essen- 
tial for synthesis. Since aeration has been found to be a very important factor in 
both interconversion and synthesis, it may be that air is the constituent obtained by 
roots from the tops. However, even well-aerated roots seldom have a synthetic 
efficiency equal to that of tops. For this reason, studies of other substances known 
to be supplied by the tops to the roots were undertaken. The substances studied 
include hormones and vitamins. Other substance known to be active in lower 
plants or in animals are also being studied. 

The hormones or growth substances used in these tests included beta indole 
acetic acid, beta indole butyric acid, indole-3-propionic acid, alpha-naphthalene acetic 
acid, and cinnamic acid. Without exception these substances reduced the synthetic 
efficiency of excised roots in aerated culture to zero. They also prevented the con- 
version of glucose to fructose. 

Adenylic acid (0.001 per cent) was supplied with 5 per cent glucose in aerated 
culture to detached roots, and the result was a decreavSe in synthetic efficiency. 
Adenylic acid was also used in two tests with blades, resulting in an increase in 
synthetic efficiency. 

Glutathione (0.005 per cent) was used in two tests with detached roots. In one 
test there was no eflFect upon the synthetic efficiency, and in the other test there was 
an increase, but probably insignificant. . 

Inositol (0.005 per cent) was used in two preliminary tests with detached roots, 
in both of which there was an increase in synthetic efficiency. However, when a 
test was conducted with two replications per series, there was no significant differ- 
ence. 

Epinq)hrine (0.006 per cent), used in one test with detached roots, resulted in 
a decrease in conversion of glucose to fructose and a decrease in synthetic efficiency. 
In blades, epinephrine had no effect upon the synthetic efficiency, using glucose (2 
tests) ; in one test, in which fructose was used, epinephrine raised the synthetic 
effici^cy froin 81.19 to 88.61. 

' alanine (0,005 per cent) was supplied to detached roots in 5 per cent glu- 
TOe ta one test was a decrease in synthetic efficiency. 
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Insulin (0.005 per cent) was supplied to detached roots in 5 per cent glucose in 
one test only, and the result was a decrease in synthetic efficiency. 

Glutamic acid (0.01 per cent) was supplied to detached roots in 5 per cent glu- 
cose in two tests, and the result was an increase in synthetic efficiency. There were 
no significant dififerences in a test with two replications per series. 

Perhaps it should not be surprising that no hormones or growth-promoting sub- ■ 
stances have been found to increase synthesis consistently. Substances which pro- 
mote growth would be more apt to stimulate hydrolysis of sucrose and its utiliza- 
tion in respiration and the formation of tissues, than to promote the synthesis of a 
storage product. 


Vitamins: 

The following vitamins have been used in tests with detached roots : thiamin 
chloride, riboflavin, nicotinic amide, pyridoxin, ascorbic acid, 2-methyl-3-phytyl-l, 
4-naphthoquinone, the diphosphoric acid ester of dihydro Ki, phthiocol, and folic 
acid. 

Thiamin chloride (0.001 per cent), also known as vitamin Bi, has been used in 
several tests with detached roots. A preliminary test with a single series indicated 
that thiamin chloride may aid synthesis. Because of the individual variation in the 

TABLE XXV 

MOI8TUBE AND SUGAR PERCENTAGES IN DETACHED ROOTS IN AERATED 
CULTURE WITH AND WITHOUT THIAMIN CHLORIDE IN 5% GLUCOSE 


Series Moisture Rediieiiig sugars Sucrose Total sugars 

Initial control 88.82 ± 0.038 2.425 ± 0.007 1.027 ± 0.012 3.606 ± 0.005 

Initial control 88.88 ± 0.052 2.516 ± 0.001 0.827 ± 0.001 3.387 ± 0.003 

Glucose 89.10 ± 0.033 9.388 ± 0.018 4.259 ± 0.019 13.871 ± 0.038 

Glucose 88.72 ± 0.100 9.150 ± 0.020 6.181 ± 0.012 15.656 ± 0.007 

Glucose 4- 88.40 ± 0.114 9.034 ± 0.007 8.241 ± 0.120 17.709 ± 0.119 

Glucose H- B, 88.39 ± 0.210 8.662 ± 0.019 7.488 ± 0.037 16.544 ± 0.058 


TABLE XXVI 

IN SUGARS AND SYNTHETIC EFFICIENCY OF DETACHED ROOTS IN 
\^EHATE1) CULTURE WITH AND WITHOUT THIAMIN CHLORIDE IN 5% GLU- 

XXV 


GAINS 
AF 

COSE, ('lALCHTLATED FROM TABLE 

Gain in 

Series total sugars 

Glucose 10.425 

Glucose 12.210 

Glucose 4- Bi 14.263 

Glucose 4" 1^1 13.098 


Gain in 
sucrose 

Synthetic efficiency 

3.332 

. 31.96) 


5.254 

43.03 ] 

37.49 ± 2.638 

7.314 

51.27) 


6.561 

50.09 ) 

50.68 ± 0.281 


TABLE XVII 

EBUCTOSE AND GLUCOSE PERCENTAGES IN DETACHED ROOTS IN AERATED 
CULTURE WITH AND WITHOUT THIAMIN CHLORIDE IN 5% GLUCOSE 


Gain in Gain in 

Scries Fructose fructose Glucose glucose 

Initial control 0.899 ± 0.040 1.546 ± 0.023 

Initial control 1.162 ± 0.023 1.364 ± 0.021 

Glucose 1-362 ± 0.008 0.337 8.026 ± 0.026 6.571 

Glucose 1-'782 ± 0.027 0.757 7.368 ± 0.047 5.913 

Glucose -h Bi 1-421 ± 0.153 0.396 7.613 ± 0.146 6.158 

Glucose 4- Bi 1.106 ± 0.025 0.080 7.567 ± 0.043 6.102 
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TABLE XXVIII 

MOISTURE AND SUGAR PERCENTAGES IN DETACHED ROOTS IN AERATED 
CULTURE WITH AND WITHOUT RIBOFLAVIN IN 5% GLUCOSE 


Series Moisture Reducing sugars Sucrose Total sugars 

Initial control 90.07 ± 0.081 1.023 ± 0,055 1.659 ± 0.065 2,769 ± 0.014 

Initial control 89.31 ± 0.038 1.462 ± 0.058 1.397 ± 0.000 2,928 ± 0.058 

Glucose : 90,41 ± 0.024 10.248 ± 0.023 4.781 ± 0.036 16.281 ± 0.061 

Glucose 90.86 ± 0.162. 11.694 ± 0.013 6.267 ± 0.021 18.280 ± 0.009 

Glucose -fBg 90.76 ±0.124 11.611 ± 0.028 8.922 ± 0.050 20.903 ± 0.024 

Glucose -f Bg 89,66 ± 0.048 10.102 ± 0.011 9.892 ± 0.067 20.614 ± 0.059 


TABLE XXIX 

GAINS IN SUGARS AND SYNTHETIC EFFICIENCY OP DETACHED ROOTS IN 
AERATED CULTURE WITH AND WITHOUT RIBOFLAVIN IN 5% GLUCOSE, 
CALCULATED FROM TABLE XXVIII 


Series 

Gain in 
total sugars 

Gain in 
sucrose 

Synthetic efficiency 

Glucose 

12.435 

3.253 

26.16 ) 


Glucose 

15.434 

4.729 

30.64 J 

28.40 ± 1.068 

Glucose + Bjj 

18.057 

7.394 

40..94 ) 


Glucose + B 2 

17.668 

8.364 

47.33 \ 

44.13 ± 1.522 


roots, another test was conducted in which each series had two replications, the 
results of which are presented in Table XXV. Each series had three aerators. 
The gains in sugars and the synthetic efficiencies are recorded in Table XXVI. 
The percentages of fructose and glucose are reported in Talde XXVII. The results 
for the synthetic efficiency suggest that thiamin chloride aids synthesis in roots, 
although the error is high. There is no evidence that thiamin chloride affects the 
conversion of glucose to fructose. In blades, thiamin chloride has been used in 
several tests, resulting in some tests in a small increase in synthetic efficiency and 
in other tests in a small decrease, indicating either that thiamin chloride has no real 
effect upon synthesis in blades, or that the blades already had enough. 

Riboflavin (0.0001 per cent), also called vitamin B 2 or vitamin G, has been used 
in two tests each with two replications. The results of one of the tests are pre- 
sented in Table XXVIII. The gains in sugars and the synthetic efficiencies are 
reported in Table XXIX. The percentages of fructose and glucose are recorded in 
Table XXX. The synthetic efficiency was significantly greater in the series sup- 
plied with riboflavin than in the series with no riboflavin. Similar results were 
obtained in another replicated test. These results suggest that riboflavin aids syn- 
thesis in roots. There is no evidence that riboflavin aids the conversion of glucose 

TABLE XXX 

FRUCTOSE AND GLUCOSE PERCENTAGES IN DETACHED ROOTS IN AERATED 
CULTURE WITH AND WITHOUT RIBOFLAVIN IN 5% GLUCOSE 


Gain in Gain in 

Series Fructose fructose Glucose glucose 

Initial control 0 1.023 ± 0.055 

Initial control 0 1.462 ± 0.058 

Glucose 0.368 ± 0,002 0..S58 9.890 ± 0.069 8.653 

Glueaae 0.876 ±0.084 0.37S 11319 ± 0.071 10.082 

G^tacose + Bj 1.662 ±0.180 1362 10.469 ± 0.030 9.222 

0 . 0 iai02±0.011 8.866 
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to fructose. In blades, the use of riboflavin was sometimes accompanied by a small 
increase and sometimes by a small decrease in synthetic efficiency. 

Nicotinic amide (0.001 per cent), another member of the vitamin B complex, 
was supplied to detached roots in two tests each with two replications. In the first 
test the synthetic efficiency of the roots without nicotinic amide was 43.75 ±: 0.653, 
and with nicotinic amide it was 50.03 ±: 0.987. However, in the second test there 
were no significant dififerences in synthetic efficiency with and without nicotinic 
amide. It would therefore seem that nicotinic amide has no significant eflPect upon 
the synthesis of sucrose. 

Pyridoxin (0.001 per cent), also called vitamin Bo, was used in two preliminary 
tests with detached roots. In the first test, the .synthetic efficiency of the series 
without vitamin Bo was 39.74, and with vitamin Bo, 50.71. In the second test, 
the synthetic efficiency of the series without vitamin Bo was 66.97, and with vitamin 
Bo, 73.72. In a test with two replications per series there was no significant dif- 
ference in synthetic efficiency with and without vitamin Bo. 

Ascorl)ic acid (0.01 per cent), also named vitamin C, was used in a test with 
roots with two replications per series. The synthetic efficiency without ascorbic acid 
was 52.92 ±; 0.830, and with ascorbic acid, 52.47 zb 0.949. 

Water-soluble compounds with vitamin K activity were used in an experiment 
with detached roots with two replications per series. These compounds were 
2-methyl-3-phytyl-l, 4-na])hthoquinone and the diphosphoric acid ester of dihydro 
Ki. The synthetic efficiency without these comixnmds was 39.26 zb 0.043 ; with the 
first compound, 40.54 zb 0.391 ; and with the second compound, 42.53 zb 0.997. 

Phthiocol (0.005 i)er cent) had no significant effect upon the synthetic efficiency 
of detached roots. 

Folic acid (10 gamma per liter) had no significant effect upon the synthetic 
efficiency of detached roots. 

Of the nine vitamins used in tests with detached roots, seven had no significant 
effect upon synthesis. Replicated tests with thiamin chloride and riboflavin indi- 
cated that these vitamins aid the synthesis of sucrose. Although aeration, thiamin 
chloride, and riboflavin all aid synthesis in detached roots, they do not enable roots 
to make sucrose as well as blades, which indicates that some factor necessary for 
synthesis is still deficient in detached roots. 

Summary 

This paper deals with the effects of phosphorus, nitrogen, and several enzymes, 
hormones, and vitamins upon the interconversion of glucose and fructose and the 
formation of sucrose by detached blades and roots of the sugar cane plant supplied 
with glucose or fructose in the dark. 

Results obtained by growing plants with and without phosphate, as well as by * 
supplying detached blades or roots with phosphate along with glucose in the dark, 
suggest that phosphate plays a role both in the conversion of glucose to fructose 
and in the formation of sucrose. 

Bone phosphatase, which liberates inorganic phosphate from organic compounds, 
decreased or prevented the formation of sucrose from glucose. This suggests that 
it is organic phosphorus which is essential for the formation of sucrose. 

When plants were grown with different amounts of nitrogen, both the synthetic 
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efficiency and the activity of invertase were greatest in the plants grown with high 
nitrogen. 

When detached blades were supplied with different amounts of sodium nitrate 
along with glucose in the dark, their synthetic efficiency was increased by the addi- 
tion of 100-200 p.p.m. N but greatly decreased by 400-800 p.p.m. N. The conver- 
sion of glucose, to fructose was also diminished by 400-800 p.p.m. N. But when 
ammonium sulphate was used instead of sodium nitrate, there was no definite effect 
upon the synthetic efficiency or upon the conversion of glucose to fructose. These 
results suggest that supplying a surplus of nitrate to the blade may interfere with 
the interconversion of glucose and fructose and with the formation of sucrose. This 
does not apply to plants growing in the field, where nitrate fertilizer is rapidly re- 
duced in the root^. 

Supplying blades with “Convertit” ranging from 0.01 per cent to 10 per cent 
resulted in an increased activity of invertase and a decreased ability to make sucrose 
from glucose. 

Growth-promoting substances (beta indole acetic acid, beta indole butyric acid, 
indole-3-propionic acid, alpha-naphthalene acetic acid, and cinnamic acid) prevented 
the conversion of glucose to fructose and the formation of sucrose in detached roots 
supplied with glucose. 

The following vitamins were used in re])licated tests with detached roots sup- 
plied with glucose in the dark, in aerated culture: thiamin chloride, riboflavin, nico- 
tinic amide, pyridoxin, ascorbic acid, 2-methyl-3-i)hytyl-l, 4-naphthoquinone, the 
diphosphoric acid ester of dihydro Ki, phthiocol, and folic acid. Both thiamin 
chloride and riboflavin, used separately, were found to increase the synthetic effi- 
ciency, although the error was high. None of the other vitamins affected synthesis 
significantly. 

Although aeration, thiamin chloride, and riboflavin all aid synthesis in detached 
roots, they do not enable roots to make sucrose as well as blades, which indicates 
that some factor necessary for synthesis is still deficient in detached roots. 
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A Report on 32- 8560 at Waialua 


By A. C. Stearns* 


, r 

The agricultural practices employed in the growing of the old standard varieties 
such as H 109 and Yellow Caledonia are based upon a wealth of aecumidated inf or- 
niation developed through the years by experinientatio7i and observation. The ad- 
vent of a neiv variety invites a re-examination of established practices. This does 
not imply that a new beginning must be made; basic principles remain applicable 
regardless of variety. The revisions in practice required by a nezv variety involz^e 
changes in degree ; they are not likely to involve a revision of principles. 

N (*zu^rtheless, gains of considerable economic importance may be affected by 
skillful adjustment of agricultural practices to varietal requirements. In the fol- 
lozcing paper the status of 32-8560 at IVaialua Agricultural Company, Ltd., is dis- 
cussed by A. C. Stearns zvith the object of recording the information zohich has 
been acquired thus far at If^aialua, and pointing to questions about zvhich more in- 
formation is needed. , , ^ s 

^ (A. J. M.) 


Introduction: 

From an agricultural ])oint of view, the arrival and subsequent success of the 
sugar cane variety 32-8560 represents a milestone in the progress of Hawaiian 
sugar agriculture. On irrigated, as well as on a number of unirrigated plantations, 
this variety is giving outstanding yields and is being spread ra])idly. 32-8560 is 
a result of the intensive cane l)reeding program tliat has been carried on by the 
Fxjxu'iment Station, H.wS.P.A. 

32-8560 is the outcome of a cross l)etween the Java cane P.O.J. 2878 and the 
Indian variety Co, 213. The cross was set u]) on Novemlier 24, 1931, when ten 
tassels of Co. 213 were ])laced in a large P.O.J. 2878 crossing rack. Thirty-five 
seedlings were grown from this cross. The ])lant crop selection was made on Sep- 
tember 22, 1932. by A. J. M angel sdorf and C. G. Lennox. In this first phase of 
selection, the seedling received the number 32-8560. The first grading given the 
seedling was “equal-plus.” From the original cross, a total of four seedlings was 
selected in the plant crop and four more in the ratoons. None of the others sur- 
vived the preliminary testings and 32-8560 was the only one to arrive definitely as 
a commercial variety. 

The develo]:)ment of 32-8560 at Waialua goes back to 1938. It was in that year 
that the first commercial field plantings were made. The variety had been planted 
in experiments, but the results were not available and the small original plantings 
were made on the basis of experimental results being obtained at other plantations 

* A. 0. Stearns, Agriculturist and Irrigation Superintendent, Waialua Agricultural Com- 
pany, Ijiniited. 
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and in Experiment Station plantings. From the beginning, 32-8560 was observed 
to be an unusual variety showing many characteristics that were of particular in- 
terest to the field production staff and to management. During the late nineteen 
thirties, it had become increasingly apparent at Waialua that a variety of sugar cane 
which was better suited to the upland areas was needed. As these original plantings 
of 32-8560 progressed, the growth characteristics were noted. The large-scale 
spreading of 32-8560 was soon underway. The program was started ; and with 
each succeeding year, it increased in intensity and scope. The improvement of field 
layouts and irrigation efficiency was closely associated with the spreading of this 
new variety. 

With the adoption of a new variety on a commercial basis, field staffs and man- 
agement are confronted with the problem of understanding how to grow properly 
the new cane to obtain the maximum economic yields. Generally speaking, most 
varieties vary in their growth characteristics sufficiently so that it is possible to dif- 
ferentiate in various phases of their cultural treatment. The advantages in learn- 
ing as soon as possible what the growth characteristics are and how the variety 
should be grown are obvious. In this report it is my intent to summarize all data 
that pertain to 32-^8560 at Waialua in order to aid in making possible a better under- 
standing of this plant. 

Planting of 32’-8560 at Waiahui: 

The development of the present acreage of 32-8560 at Waialua is set forth in 
the following table : 

TABLE I 

SUMMAEY OF 32-8560 PLANTINGS 1938-1942 


Year 

Total acres 
planted 

Acres planted 
to 32-8560 

Per cent 
32-8560 planted 

Total culti- 
vated acres 

Per cent 32-8560 
of total area 

1938 

2450.12 

101.09 

4.13 

9828.17 

1.03 

1939 

2845.20 

1575.83 

55.39 

10190.60 

16.46 

1940 

1299.43 

776.41 

59.75 

9662.07 

25.39 

1941 

1944.98 

1903.84 

97.88 

9845.71 

44.25 

1942 

2179.35 

2179.28 

99.99 

8945.38 

68.77 


Total 32-8560 planted 6536.45 acres (without area losses due to war emergency). 

Total 32-8560 planted 6151.49 acres (now in crop). 

In 1938 there was about one per cent of the area in 32-8560. In 1939 this in» 
creased to approximately 17 per cent. By 1940 this proportion jumped to 25 per 
cent and by the end of 1941, the percentage was in excess of 44 per cent. With 
the 1942 planting completed, the present area in 32-8560 is 69 per cent of the total 
area in cultivation. The last large increase is partially due to a sizable decrease in 
total area under cultivation. Area losses included some 32-8560 area. 

The area planted in 1938 represents such a small amount that it can be said that 
the spreading of 32-8560 to its present acreage at Waialua was accomplished in a 
four-year period. This probably represents one of the most rapid changes to a new 
variety to be found in the history of Hawaiian sugar cane agriculture. If it is pos- 
sible in the years 1943 and 1944 to complete our scheduled planting programs, we 
shall be very near to a total cultivated area that will be nearly 100 per cent 32-8560. 

What this has meant and will mean to the economy of the Company can be ob- 
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served in connection with the summary of the yields of 32-8560 through 1942 as 
shown in Tables VII through X. 

Germination and Type of Seed: 

The germination of 32-8560 is not too different from that of other varieties. 
32-8560 is subject to the same effects of source and type of seed, soil preparation, 
soil type, time of start, depth of covering, soil moisture as related to the first irri- 
gation and soil temperatures, as well as the effects of seed treatment (handling of 
seed, dipping with fungicides, elapsed time from cutting of seed to planting, etc.). 

In the many plant fields of 32-8560 that have been started at Waialua since 
1938, it has been generally observed that the seed germinates in a very satisfactory 
manner. The plant field stands have been quite even and usually all germination 
takes place within a month from time of planting. Under favorable conditions, 
germination is well underway eight to ten days after planting. It proceeds at an 
increasing rate until fifteen to twenty days after planting and then levels off. On 
the basis of germination tests that have been conducted in the field, we obtain from 
75 |)er cent to 90 per cent germination based on the number of seed piece eyes actu- 
ally planted. As will be noted under comments on rei)lant, the amount of replant 
in 32-8560 fields has been quite low. As was mentioned above, the type of stand 
that is obtained in plant fields is quite even, although we have noted instances 
where the condition of the seed used has influenced the evenness of stand. Body 
seed has been used almost exclusively and has given satisfactory results. Until the 
1942 planting season, short seed was used (about 12-15 inches in length). In 1942 
it was necessary to handle seed with ro])e slings instead of burlap bags. It was 
found that a longer seed piece (20-30 inches) was needed to enable the effective 
use of slings. The longer seed, in most cases, has given satisfactory stands and the 
germination has been fairly good. 

When planting in the warm summer months, it has been found that it is not 
necessary to dip seed in Ceresan to obtain good germination ; however, during the 
winter months when soil temperatures are low, it has been found to be an effective 
and worthwhile practice which aids in obtaining good germination. 

Stands of 32-8560, although more rapid in initial growth than H 109, do not 
appear to grow rapidly until about three to four months after planting. This is a 
clear-cut phenomena and has been observed in practically all plant fields. 

No special effort has been made to develop seed for planting purposes. We 
have usually selected plant field areas that are from seven to ten months of age and 
where the prospective seed is of good quality. Although there has been a feeling 
in some quarters that seed areas should receive careful nitrogen fertilization and 
irrigation control, we have made no definite move in this direction. Unless seed 
areas are planned for far in advance, it is not possible to do this effectively. As 
long as care is exercised in the selection of the seed areas, past experience would 
indicate that satisfactory results can be obtained. 

The seed piece characteristics of 32-8560 are such as to make for easy handling. 
The eyes are fairly flat and are not damaged to any great extent in transit. Long 
internodes sometimes make for few eyes per seed piece. This can be considered to 
be a disadvantage indicating that seed areas should not be allowed to grow too rank. 
Seed from rank, succulent cane is also subject to more rapid deterioration when 
placed in contact with the soil. 
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The amount of seed used per acre in plant fields varies from 50 to 70 bags or 
bundles per acre depending on the amount of overlap and the size of seed pieces. 
Size in this instance refers to diameter of the seed piece. Of course, the length of 
seed piece as related to short seed versus long seed would likewise affect the num- 
ber of bags or bundles used. 

Soil type affects germination to the extent that in adobe soil types where the 
surface cakes badly after irrigation^ the germination is sometimes slower. In the 
red residual soil types of the Koolau slope, the soil is friable in nature and with 
other conditions being equal, the rate of germination is usually more rapid than 
where heavy soils and poor aeration are encountered, as in some of the makai fields. 

To insure a favorable germination and stand, the first irrigation follows plant- 
ing as rapidly as possible. Subsequent irrigations follow at a three- to seven-day 
interval depending on conditions. As the stand progresses, the interval of irriga- 
tion gradually increases up to ten to fourteen days depending on moisture condi- 
tions at the time. This is fairly typical of young stands of cane up to six months 
of age. 

Replant — Plant and Ratoons: 

Due to the large amount of heavy mechanical equipment that moves through a 
cane field under present-day operating conditions, the effect on the amount of re- 
plant required is evident. This is particularly true of H 109 fields. 32-8560, due 
to its strong growing characteristics, appears to be a variety that is l)etter suited to 
the rugged treatment that fields receive under present conditions. 

It has been our experience that the amount of replant required in 32-8560 plant 
fields usually varies between one and two bags per acre. During 1942 in fields 
where soil preparation has been below optimum and where long seed has been used, 
we have had instances where replant in plant fields has gone as high as four to six 
bags per acre. This, however, is considered to be abnormal. 

In ratoons of 32-8560 we have found that the amount of replant per acre varies 
from two to five bags. This refers particularly to first ratoons. In certain instances, 
second ratoons of this variety have required slightly more than this. 32-8560 is a 
vigorous ratooner and closes-in more rapidly than plant cane, as would be expected. 
It is necessary to get the replant in as soon as possible after starting a field ; other- 
wise, the shading-in will eliminate much of the replant as an effective part of the 
production potential of the field. These replant data in ratoons are based on ob- 
servations in mechanically harvested fields. All replant seed is dipped in Cere.san 
solution. 

Cultivation: 

In many respects the growing characteristics of 32-8560 have a definite appeal 
to those concerned with the cultivation of the variety. In plant cane, due to its 
upright growth characteristics, the variety appears to be slow in closing-in as com- 
pared with 31-2510, 31-1389 or 31—2806. This is true; however, its yielding abil- 
ity so overshadows these three mentioned varieties that they cannot be considered 
in the same class with 32-8560 at Waialua. This openness in plant cane makes 
32^5560 somewhat comparable with H 109 ; however, actually the appearance of 
millabie ca^^ earlier with 32-8560. Data indicate first-season growth of 
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32-8560 to be considerably stronger than H 109. Indications are that ratoons of 
32-8560 will be much cheaper to cultivate than the plant crops, 

32-8560 due to its vigorous growth is particularly well adapted to mechanical 
cultivation. Its upright growth can be an advantage here in allowing a close ap- 
proach to the row of cane. Disc line reshapers and weeders have been used effec- 
tively. It has been reported from Ewa that 32—8560 in some instances assumes a 
partial recumbent form of growth. This has been noted in a minor way at Waialua. 

Probably one of the most ini])ortant phases of field cultivation with particular 
regard to weeding (hand, spray, and mechanical) is the coordination of the opera- 
tions. For example, this ties in directly with fertilization where a policy of clean 
fields prior to fertilizing exists. The basic policy of clean fields prior to fertilizing 
is sound. The em]:)hasis intended here is that in order to maintain fertilization at 
the optimum time of application, it is necessary to have a strong coordinated action 
on the part of field supervision to have the right fields clean at the proper time. 

Under Waialua conditions the openness of 32-8560 has not been considered a 
serious factor. On other plantations this characteristic is of some importance. For 
instance at Kohala in the mauka areas, the openness is a factor affecting weed con- 
trol. Other varieties affording more satisfactory weed control and which give com- 
parable yields come into use under such conditions. 

Pali-pali and line reshaping ot)erations as they affect 32-8560 ratoons are of 
importance, particularly in their bearing on irrigation. This ties in closely with the 
])lanting and layout of a field since present line reshaping implements are not capa- 
ble of changing the grade of the original line. To avoid variable growth in ratoons 
which is attril)utable to grade of line, shai)e of line and length of line, and the 
quality of irrigation resulting from such irregularities, it becomes increasingly im- 
portant that the layout and planting of fields be closely controlled and supervised. 
Layout and planting affect cultivation operations as well as irrigation. Both should 
be develoj)ed in such a manner as to aid most effectively in cultivation and irriga- 
tion operations. 

The quality of ])lowing and field ])re])aration has l)een observed to have an effect 
on subsequent growth and cultivation o])erations. Factors affecting these opera- 
tions, particularly labor and equi])ment are not always controllable ; however, it is 
recognized that good field preparation is worthwhile and has a favorable effect on 
the crop and cultural operations. 

32-8560 and Irrigation Practice: 

Irrigation at Waialua is based primarily on control effected through the use of 
the soil moisture method as adapted and developed l)y H. R. Shaw and J. Swezey, 
as well as on experience gained in the irrigation of cane in the several soil types 
and conditions that exist on the plantation. No special effort has l)een made to 
irrigate 32-8560 in any prescribed manner except that good irrigation is stressed, 
7.C., adequate penetration of water in all parts of each line of cane. iVlthough it 
has been propounded that 32-8560 is a drought-resistant variety and does not re- 
quire as many rounds of irrigation as, for example, H 109, we have continued to 
irrigate it in much the same manner as we do our other varieties. 

Based on yields obtained in the past two crops, it would seem that irrigation 
(a primary control factor in yields at Waialua) was not deviating too far from 
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optimum. There are several reasons for this as far as 32-8560 is concerned. First, 
practically all yields are reported from plant fields. Plant fields, due to soil prepa- 
ration, offer a tilth that affords good conditions for an optimum penetration of water 
in the cane line. Second, with new plant field installations, field layouts were con- 
siderably improved. It is felt that irrigation, as such; has not had a deleterious 
effect on the yields reported here, except in the Koolau mauka group, because con- 
ditions affecting irrigation have been very near to optimum. This refers particu- 
larly to yields from plant fields. What will be experienced in the ratoons of 
32-8560 may be more closely related to irrigation than the plant field yields. Due 
to good soil conditions, plant fields overcome some of the irregularities that exist 
in grade of line and shape of line; however, in ratoon fields where the soil has be- 
come quite packed after two years of irrigation, the term tilth no longer applies to 
the soil. In the ratoon crops, the soil does not permit easy and rapid penetration 
of water due to the hardness of soil, particularly if grades, shape and length of line 
are not optimum. In combination, these factors cause irregular distribution of 
water in the line. It is felt that if comparable irrigation can be obtained in ratoon 
fields as in plant fields, yields will be maintained reasonably well. 

TABLE II 

SUMMAEY OF IRRIGATION— 32-8560 (1941-1942 CROPS) 

Avg. ac. Avg, ac^in.’^ 


Field group 

Year 

Age 

^ Irrigations 

Number Per mo. 

T.S.A.M. 

per 

mail-day 

per ac. 
per rd. 

Acres 


1941 

22.35 

34.7 

1.55 

.644 

9.93 

5.98 

624.00 

Koolau Mauka 

1942 

23.00 

31.1 

1.35 

.570 

7.42 

6.52 

576.66 


1941 

21.08 

32.3 

1.48 

.601 

6.50 

5.64 

245.18 

Koolau Makai 

1942 

23.00 

34.1 

1.48 

.545 

5.94 

6.76 

323.30 


1941 

20.39 

28.3 

1.39 

.552 

6.58 

7.49 

403.73 

Waianae 

1942 

20,99 

32.7 

1.56 

.530 

7.05 

8.44 

152.43 

Plantation 

1941 

21.51 

32.3 

1.50 

.610 

8.28 

6.38 

1322.91 

1942 

22.71 

32.2 

1.42 

.557 

6.91 

6.87 

.1052.39 

* Acre-inch figures are based on 

gross water 

deliveries. 





In Table II the irrigation applied to the 1941 and 1942 crojxs of 32-85(30 is 
summarized. Among the field groups there has been a slight variation in number 
of rounds applied. The averages for the two crops are quite comparable. Although 
the Koolau groups have somewhat higher average number of rounds, there were 
fields in these areas that actually suffered from a lack of water in the two crops. 
Considering the limitations of water supply, it is felt that irrigation of the 32-8560 
fields was as optimum as possible under operating conditions at the time. 

Acre inches of water applied per round are, in general, somewhat below the 
plantation average. This is due to the fact that most of the 32-8560 fields have 
been located on the Koolau slope where soil conditions permit the use of less water 
per round. The Waianae group is low considering that acre inches are generally 
high in this area. New and more effective field layouts have contributed to more 
efficient use of water and labor. 

With the spreading of 32-8560 there has been an increase in labor efficiency as 
associated with irrigation. The continued spread and improvement of Waialua 
flume and field layouts is primarily responsible for this increased man-day perform- 
.ance^'. 
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The following tabulation indicates the rate of improvement since 1938 when 
32-8560 made its appearance : 

lEEIGATION SUMMARY— MAN DAY PERFORMANCE 


Year 

Average acres irrigated 
per man-day 

1942 

7 07 

1941 

6 46 

1940 •. 

6 16 

1939 


1938 



Thus far Waialua has been unable to associate any decrease in yield with the 
number of acres irrigated per man-day. However, this is a point that must be 
watched because maximum yields are the objective rather than high man-day per- 
formance achieved at the expense of thoroughness in irrigation. Quality irriga- 
tion must be maintained. 

In the Koolau mauka group of fields, it api)ears that the reduced number of 
rounds of irrigation per month in the 1942 crop may have caused a reduction in 
sugar ])er acre month yields. Since there is not much differential in age and know- 
ing that we did experience a water shortage in many of the fields harvested in the 
1942 crop in that area, there is ])rol)ably a significant effect of lack of irrigation on 
yields in this field group. 

The Koolau makai group has a reduced yield in 1942 as compared with 1941 
(T.S.A.M.) ; however, this is probably due more to age of crop and the particular 
fields harvested rather than to irrigation since a water shortage was not acute in 
this area. 

The Waianae group of fields received adequate irrigation in both 1941 and 1942, 
although the intensity of irrigation was greater in 1942. Due to the small acreage 
of 32-8560 harve.sted in this field group in 1942, the effect of individual fields might 
be dominant and it is questioned whether the 1942 yield average in this area is truly 
representative. Irrigation is not a limiting factor in this area as related to water 
supply. In the poorly drained fields it is possible to overirrigate. It has been ob- 
served that 32-85(^ responds readily to drainage. The Kawaihapai fields afford 
an excellent example of this. 

32-8560 in ratoon crops is particularly sensitive to inadequate irrigation. In 
first ratoon fields where the grade of line, sha])e of line, length of line, flow control,* 
and soil condition have not been conducive to adequate penetration, 32-8560 is visi- 
bly affected. Sharp lines of variable growth have been noted. This is associated 
with fertilizer distribution, too; however, inadequate irrigation is a principal cause. 
The tendency of 32-8560 toward rapid rank growth where conditions are optimum 
undoubtedly causes this differential between good and poor growth areas to appear 
serious. However, it is felt that 32-8560 in the poor areas is still better than other 
varieties that have been grown in the same poor spots. Steps are being taken to 
minimize the range of variation caused by those factors mentioned above. 

Ripening of 32—8560: 

The so-called ripening or drying off of fields prior to harvest is a phase of cul- 
* Flow control refers to the control of water going into individual furrows. 
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tural practice which is decidedly w-eak. The difficulty in predicting weather for even 
a few months in advance makes the scheduling of ripening a difficult problem. 
Fields at Waialua vary in their environmental factors (soil, drainage, rainfall, and 
temperature) that affect ripening and sound differential treatments are difficult to 
attain. 

Ripening practice is felt to be an important part of the growing of 32-8560. For 
that reason considerable study has been made in an attempt to develop correlations 
with yields and juice quality that could be practically applied in terms of field 
practice. 

On the basis of data available, we are unable to establish a positive relationship 
between the number of days water is off prior to harvest and the juice quality ob- 
tained at harvest. Due to the uncontrollable factor of rainfall, it was felt that per- 
haps the number of days the fields were below wilting point during the ripening pe- 
riod would permit a better correlation ; however, here again no reliable trend was 
noted. It, of course, makes a difference as to when the days below wilting occur. If 
they should occur early in the ripening period and adequate moisture is available in 
the field at harvest, the probability would be that other than o]3timum juices would 
be obtained. 

To check this ])oint the number of days below wilting point directly prior to har- 
vest was studied. Here the result was somewhat better. Although we are unable to 
state the exact number of days below wilting point that should be allowed to attain 
good juices (nor would we be able to control them if we did know), it is evident in 
fields where good juices have been obtained that the soil should go below the wilting 
point directly prior to harvest to obtain the best juices. The total days of ri]j>ening 
actually mean very little. The ripening time that really counts is the period directly 
prior to harvest. Since the uncertainty of rain makes it im])ossil)le to set up a preci- 
sion control on ripening, the best that can be done in the way of intelligent field prac- 
tice is to consider each field individually, weigh the time of harvest against the sea- 
son, age of crop, soil moisture (such as drainage problems) and set a ripening period 
that will allow for optimum ripening — ^average weather conditions ])ermitting. 

The leaves of 32-8560 do not change in color during ripening to the same extent 
as H 109. Due to the dark green color that is characteristic of the variety, it a])pears 
to be evident that when 32-8560 looks dry — it is too dry for maximum yields. It ap- 
pears that 32-8560 should not be brought to a stage of drying-off where it a])pears 
as yellow in color as H 109. We have had instances where a field was dark green in 
color for an April harvest. The drying-off directly prior to harvest appeared opti- 
mum for this time of harvest (30 days below wilting) and a 7.68 juice quality was 
obtained. 

A phase of ripening that should be considered and developed is the treatment of 
the field prior to ripening. With a rank-growing variety such as 32-8560, there is 
the possibility of deterioration. In addition there is the danger of abruptly taking the 
water off of a crop when it is in a state of rapid growth. The conditioning of a field 
for ripening, particularly for the summer and fall harvest months is one that deserves 
consideration. A field that has had extended irrigation intervals for a 3- to 5-month 
period prior to the initiation of ripening would be hardened and would be in a bet- 
ter condition to withstand the rigorous treatment imposed on a field that is ripened 
during the ^ months. This, in combination with shorter ripening during 
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this period, should be a step forward jn ripening policy. This would also aflFord an 
opportunity to control the high rate of growth during the harvesting season. (Note 
Fig. 1 on Average Weekly Growth by growing seasons.) This would, as noted else^ 
where in this report, bring the cane in better condition to harvest and would possibly 
improve the juice quality obtained. 

32-8560 and Fertilisation: 

Under Waialua conditions fertilizer represents one of the more important factors 
available for the control of growth and sugar production. This is particularly true 
with 32-8560 for here is a variety that appears to be sensitive to excessive amounts 
as well as to inadequate amounts. This refers particularly to nitrogen fertilization. 
Over fertilization with nitrogen results in rapid rank growth, that is subject to poor 
condition and juice quality that is not optimum. Although yields obtained thus far 
indicate that fertilization has been adequate, it is felt that Waialua still lias progress 
to make in finding both amounts and time of applications that will increase the eflPec- 
tiveness of 32-8560 fertilization practice. In general, the trend is toward reduced 
amounts of nitrogen in |)lant crops. Ratoons in some instances may need increased 
amounts. 

Nitrogen: Nitrogen fertilization for 32-8560 was originally based on an approxi- 
mate 200-210 pounds per acre for H 109 with a 20-]X)un(l per acre reduction for 
32-8560. Due to the growth characteristics of 32-8560, this was felt to be a safe re- 
duction. Experiments that were subsequently harvested indicated no significant gains 
in sugar over 150-U)0 pounds j)er acre. Nitrogen field practice has continued be- 
tween 180-190 ])Ounds per acre. 

On the basis of observation made, thus far, it a))pears that Waialua may be 
somewhat high in nitrogen fertilization of 32-8560 plant crops. Where nitrogen is 
evenly applied in experiments, 160 pounds per acre appears to be sufficient. This 
would [)robably result in slightly lower tonnages ; however, juice quality and eco- 
nomic sugar production would undoubtedly benefit. 

Although Waialua has no experimental evidence to substantiate this point, it 
does appear that the ratoon cro]:)s of 32-8560 do not show the growth or color that is 
characteristic of plant crops of the variety. Gn the basis of observation of fields and 
yields, it appears that it may be j^rofitable to reduce the nitrogen amounts from 
180-190 to 160-170 pounds per acre in plant crops of 32-8560 (depending on age 
and cropping). The 20 pounds saved on the plant crops could probably be applied to 
advantage on certain ratoon fields where there is fragmentary evidence that the ra- 
toon yields may decrease due to a shortage of nitrogen. Due to the difficulties found 
in the obtaining of even fertilizer distribution within a field, it is sometimes felt that 
the importance of a 20-pound or even a 40-pound application of nitrogen can he over- 
emphasized in research studies. Field practice in many instances is confronted with 
variations in plant food distribution that exceed the diflferentials mentioned. There 
is as much a need for even fertilizer distribution as there is for the control of fer- 
tilizer amounts when these amounts are within 20 to 40 pounds of the optimum. 

Mechanical or hand methods of nitrogen application should be used if possible. 
All ammonium phosphate applications should be applied by hand or mechanical 
means, not by water. Fertilizer in this form does not go into solution readily and 
water applications are subject to considerable variations in actual distribution. Im- 
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provement of soil tilth by subsoiting in ratoons should be a step toward better irriga- 
tion in ratoons and as a result more satisfactory plant food distribution where fer- 
tilizer is applied by water. 32-8560 is as responsive if not more so to adequate 
amounts of plant food and water as the older varieties. 

Nitrogen applications in the past three crops of 32-8560 have been as follows : 

TABLE III 

32-8560— SUMMAKY OF NITBOQEN FEETILIZATION BY SEASON AND FIELD 

GROUPS 1940-41-42 CROPS 
(Pounds Per Acre) 

^1940 , , 1941 ^ , 1942 , 

First Second First Second First Second 


Field group 

season 

season 

Total 

season 

season 

Total 

season 

season 

Total 

Koolau Mauka . . 

168 


168 

84 

105 

189 

76 

117 

193 

Koolau Makai ... 

111 

79 

190 

34 

156 

190 

127 

60 

187 

Waianae 




25 

172 

197 

91 

88 
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There has been very little variation in the general nitrogen treatment of 32-8560 
except as developed by differences in cropping. In general the amounts have been 
held about 20 pounds per acre less than comparable H 109 fields. 

Following is a rule-of-thumb basis of determining the approximate amounts of 
nitrogen to be applied during the first and second season of crops at Waialua based 
on the time of start and the time of harvest : 

TABLE IV 

32-8560— APPROXIMATE AMOUNTS OP NITROGEN BY MONTH OP START 

(Pounds Per Acre) 


Month of start 

First season 

Second season 

Total 

January, February, March 

147 

42 

189 

April, May, June 

126 

63 

189 

July, August, September 

84 

105 

189 

October, November, December. . 

63 

126 

189 


Until such a time as we are able to use effectively the plant as an index of its 
plant food requirements, a basis as given above must be followed in some form. 
Table IV as given is approximate, as each field received individual attention as to its 
fertilizer schedule. The general pattern as indicated is based largely on past expe- 
rience and field experiments. We are somewhat above the maximum indicated by 
experiments for plant crops of 32-8560. Realizing the variations introduced by 
water applications of fertilizer, this margin over the maximum as indicated by ex- 
periments, has constituted a safety factor. 

Phosphate: The use of phosphate in 32-8560 fields has followed the practice 
used for H 109 and other varieties. In general approximately 100 pounds of P2O5 is 
applied per acre; however, there are instances where soil analyses have indicated the 
P 2 OB content to be low and increased amounts have been applied to the field in ques- 
tion. A large amount of soil data pertaining to P 2 OB has been accumulated and it 
serves as a guide in determining amounts to be applied. Thus far, in the growing of 
32-r8560, we have had no serious indications of P 2 O 5 shortages. There are pali areas 
of poor soils where spot fertilization is necessary. Phosphates to be most effective 
should be applied either by hand or mechanically, and preferably below the surface, 
to achieve the bes^ results. We do this in our planting operation where super phos^ 
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phate is applied by machine and is rather well covered in the seed-covering process. 
In plant crops phosphates are applied at time of planting. In ratoon crops phosphateT 
is usually applied a month to six weeks after the crop is started. 


TABLE V 

32-85(50— SUMMARY OF P2O5 FERTILIZATION FIELD GROUPS 1940-41-42 CROPS 

(Pounds Per Acre) 


Field Group 1940 1941 1942 

Koolau Mauka 105 120 100 

Koolau Makai 102 88 • 103 

Waianae 87 104 


Potash: Potash fertilization in relation to 32-8560 has conformed very closely 
with general plantation practice. This amounts to about 122 pounds per acre of K 2 O 
per crop. In some areas where soil analyses indicate this element to be low, the 
amount is raised to 183 pounds per acre. In many of the makai fields where the K 2 O 
level is quite high, the amounts are adjusted downwards accordingly. In general all 
K 2 O is applied with the second application of nitrogen. That is, in plant crops, K 2 O 
would be applied when the cane is 4-6 months of age and in ratoons when the cane 
is 3-5 months of age. Although not always true, this practice tends to bring a field 
into its first winter with ample K 2 O to draw upon and with a moderate supply of ni- 
trogen. It has been suggested by the Experiment Station that the K 2 O/N balance in 
the winter months should be in favor of K 2 O and low on the nitrogen side. vSuch a 
practice has not been definitely confirmed under Hawaiian conditions as yet. Our 
practice approaches the suggested one in many cases. 

K 2 O is applied in the form of muriate of potash. Applications in the past few 
years have been made principally by water. Muriate of potash dissolves readily and 
can l)e applied by water effectively as long as irrigation practice is good. 

TABLE VI 

32-8560— SUMMARY OF K2O FERTILIZATION BY FIELD GROUPS 
FOR 1940-41-42 CROPS 
(Pounds Per Acre) 


Field Groups 

1940 

1941 

1942 

Koolau Mauka 

122 

169 

134 

Koolau Makai 

110 

123 

138 

Waianae 


123 ^ 

122 


32S560 and Growth Rates: 

On the basis of observation and yield data collected, 32-8560 has proved itself to 
be a strong grower. Fig. 1 on Average Weekly Growth by starting, growing, and 
harvesting year indicates the growth picture of 32-8560 to be much the same as 
H 109 except that the rate for any given month is substantially greater with 32-8560. 
This has been assumed to be true; however, this is the first evidence that has been 
developed with Waialua data to substantiate our observations. 

These growth data are of interest and if interpreted properly can be of assistance 
in planning cropping, fertilization, irrigation, and perhaps planting with the objective 
of effectively using time and growth to realize the maximum production of sugar 

with 32-8560. 
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AVERAfiE WEEKLY GROWTH 
S2-8SeO ANO H 109 
AO- 41- 42 CROPS 



jUN jvL Aua acR ocr wov etc jam ftg mac arc mav jom ji/l amc mr ocr m»v occ jam re* maa arr mav jul aug scp 


Fig. 1 

For example, effective cropping makes use of various com])inations of growing 
time, growth and production factors to obtain the greatest sugar yields possible. The 
trends shown in big. 1 can be of definite assistance by indicating the periods when 
the most growth can be anticipated. If a field of 32-8560 is started in June and 
scheduled for harvest 22 months later in April, it is apparent that the growth in the 
second January, February, and March may not be sufficient to justify the extra time 
given to the particular field. It might be more profital)le from the standpoint of 
growing time to harvest in January or February. A compensating factor for the loss 
of growth could be an expected improvement in juice quality. The growth of 
32-8560 from May to September in the harvesting year indicates that control is need- 
ed to reduce the growth rate for fields harvested during this period if the sucker 
population is to be minimized and juice quality improved. Various interpretations 
can be made with data of this type. The curves shown in Fig. 1 are subject to change 
and modification as more data are collected. They reflect the trends in 32-8560 
growth as compared with H 109 under a s])ecific combination of growth and croj)- 
ping conditions. 

Interpreting these growth data in terms of fertilization, it appears that first-sea- 
son applications of nitrogen should be applied early in the crop to permit the full 
recovery of growth that is ix)ssible in the starting year. Losses in growth due to late 
and poorly timed applications could be considerable. Second-season applications at 
Waialua have a better chance for rapid absorption if applied in March and April 
rather than in January and February of the growing year. 

These data may also have a bearing on irrigation practices. During the starting 
year and growing year, irrigation should be maintained at an optimum rate with the 
possible exception of the first winter season when extended intervals would be in 
order due to the reduced rate of growth. It appears possible in the harvesting year 
to extend intervals. Growth during this period is low and controlled irrigation would 
result in. labor economics as well as increasing the probability of putting fields in bet- 
ter condition for harvest Juice quality would undoubtedly be improved. 

Although 32-8560 does better with late planting than other varieties we have 
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^read, experience would indicate that late planting should be avoided when pos- 
sible. More sugar per unit of growing time can be obtained by planting in months 
thatmake possible the greatest recovery of growth. 

Returning for a moment to croppings these data represent average growth. By a 
study of individual fields, the growth rates would indicate to a considerable extent, 
in conjunction with yields, what trends future cropping should follow. I have at- 
tempted here to suggest various ways in which data of this type can be of assistance 
in guiding field practice. 

Yields of 32S560: 

Soil Type and Elevation as Factors Affecting Yield: In a study of 32-8560 that 
was made last year on the basis of yields to that time, three large field groups were 
set up. The purpose in doing this was to determine, if possible, the effect of eleva- 
tion and soil type on the yields of this variety. The field groups are identified as 
follows : 

GROUPING OF FIELDS 

Koolau Mauka (Kemoo, Helemano, Opaeula, Kawailoa 
and Waimea Divisions above 300 feet) 

Koolau Makai (Kemoo, Helemano, Opaeula, Kawailoa 
Divisions below 300 feet) 

Waianae (Ranch and Kawaihapai Divisions) 

Koolau refers primarily to the red residual soils that occur in fields on the Koo- 
lau slope and which comprise practically all the soil in that area. In the fields con- 
stituting the Waianae soils, the principal types vary from alluvial to sedimentary 
soils and are made up of silty clay loams, sands, and rocky alluvials. The Waianae 
group includes elevation from sea level to 300 feet. A small area of brown residual 
soils is present in this latter group. 

In last year’s study, trends in yields were observed which were felt to be asso- 
ciated with elevation and soil type. The same field groups are being used in this 
report. 

Table VII indicates that the five-crop mean yields of the fields harvested in 1942 
are somewhat higher than the fields harvested in 1941. Per cent gains are thus great- 
er for the 1941 32-8560 crop in the Koolau mauka field groups. The factor of water 
shortage had some effect on the 1942 yield because one would expect the 1942 fields 
to give higher yields based on the past performance of the fields involved. Since 
1940, 1941, and early 1942 were quite dry, there may have been an accumulative 
effect of deficient rainfall on yields. The age differential between the two crops is 
not sufficient to cause the difference in yield. Juice quality was not as good as in pre- 
vious crops but not bad considering the tonnage of cane obtained. This mauka group 
of fields was formerly the poor yielders. 32-8560 has completely changed the pic- 
ture and this group of fields now represents the best producing areas at Waialua. 

The five-crop mean yields of the Koolau makai fields harvested in 1941 and 1942 
are quite comparable. The per cent gains of fields in the 1942 crop compare favor- 
ably with the 1941 fields in T.C.A., T.S.A., and T.C.A.M. 1941 32-8560 fields were 
better in T.C./T.S. and T.S.A.M. Age of crop in 1941 undoubtedly caused a more 
favorable sugar per acre month figure for that year. Cane and sugar per acre month 
figures in terms of per cent gain over previous yields are not quite as satisfactory as 
those in the Koolau mauka group. 



SUMMARY OF FIELD GROUP Y’lELDS— COMPARING 32-8560 YIELDS 
IN 1941 AND 1942 WITH THE 5 CROP AVERAGE YIELDS IN THE SAME FIELDS 
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Area 674.00 4,314.56 — 576.66 4,674.78 — 245.18 770.14 — 323.30 1,516.71 — 403.73 1,264.44 — 152.43 573.27 — 

*Most yields are based on a five-crop mean; however, where five was used. The 1941 and 1942 32-8560 yields are compared with the 

crops were not available for some fields, a three- or four-crop mean mean yields of the same field prior to the planting of 32-8560. 
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Table VII shows quite a difference in the prior mean yields of the Waianae 
fields harvested in 1941 as compared with 1942. This naturally gives the 32-8560 
harvested in 1941 a considerable advantage in per cent gains as compared with the 
1942 crop. Due to the higher yields of previous crops in this group, 32-8560 does 
not show the large gains in yields that are indicated in the Koolau mauka and makai 
groups. Still, the gains are sufficient to justify the planting of 32-8560 in makai 
areas. At the same time we are continuing to search for a lowland variety that is 
even better suited than 32-8560 to the environmental conditions in this area. Due to 
the small number of acres harvested in 1942, the individual fields undoubtedly had a 
dominant effect on yields and the averages as given are probably not representative 
of the entire area. 

As was indicated in last year’s study, the Koolau mauka fields above 300 feet 
elevation showed the greatest per cent gains over previous yields in the same fields, 
as well as having the highest sugar per acre month values for 32-8560 as compared 
with the other two groups. The Waianae group which constituted the most pro- 
ductive fields has now exchanged its rating with 32-8560 in the mauka fields. This 
indicates that H 109 was much better adapted to the lowlands and that in the mauka 
areas that variety was out of its element. For this reason the gains for 32-8560 when 
expressed in ])er cent are naturally higher in the mauka areas. However, actual 
mean T.C.A., T.S.A., T.C.A.M. or T.S.A.M. as shown in Table X substantiate the 
su])eriority of the Koolau fields in growing 32-8560. Considering the average yields 
of these field groups, there appears to be an effect of soil and elevation on yields 
Since these yield data are made up principally of plant crops, which are usually bet- 
ter than ratoons at Waialua, it will be particularly interesting to compare yields after 
sufficient ratoons have been harvested to make possible a better comparison with past 
yields. All 32-8560 fields included in this study were mechanically harvested. Pre- 
vious yields in the same fields were handled ])rincipally by the hand-cut and hand- 
load or machine-load method. 

Table IX summarizes the per cent gains and losses. The Koolau mauka group is 
superior as a location for growing 32-8560 on the basis of per cent gains over previ- 
ous yields in the same fields. 

Table X indicates that the superiority of yields in the Koolau mauka group is not 
only ex])ressed in per cent gains over previous yields but also in actual comparison of 
yields. In both 1941 and 1942 there was a downward trend in sugar per acre month 
figures from mauka to makai. In 1941 cane per acre month did not vary materially 
in the three groups. In 1942 there was slightly more variation ; however, other than 
for the fact that cane ])roduction was lowest in the makai group, no particular trend 
is in evidence. The plantation summary brings out the decrease in yields obtained in 
the 1942 32-8560 fields as compared with the 1941 yields. 

The data in Table X point out that the greatest gains are to be made with 32-8560 
in our mauka and makai fields on the Koolau slope. Attention is also drawn to the 
fact that 32-8560 in the Waianae group of fields requires careful study and care in 
its culture to obtain the most possible from a variety that is not too well adapted to 
these conditions, even though it does give evidence of being better than previous 
varieties grown in this same area. 

Record Yields of 32S560: 32-8560 has set field records of some sort in prac- 
tically every field in which it has been planted. Thus far, Opaeula 5A holds the pro- 
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duction record on cane having produced 136.17 tons of cane per acre. This sakie field 
holds the record on tons sugar per acre having yielded 16.20 tons of si^ar per acre. 
The best juice quality to be obtained in a 32-8560 field is from Kemoo 2B where a 
quality of 6.71 was obtained. Waimea 5 in a short plant crop harvested in 1940, 
holds the record on tons cane per acre month. The figure here was 5.79 tons of cane 
produced per acre month. Helemano 11 which was harvested in April of 1941 at an 
age of 20.97 months, set a record of .708 ton sugar per acre month that still stands 
as the record yield of 32-8560 at Waialua, as well as the all time plantation record 
for a field containing 179.00 acres. 

The magnitude of these record yields indicates to some extent the possibilities in 
growing this variety. There is a real challenge presented in that the maximum eco- 
nomic yield of sugar should be the goal in each field. 

TABLE VIII , . 


32-8560— SUMMARY PLANTATION YIELDS COMPARING 32-8560 YIELDS 



IN 1941 AND 1942 COMBINED FIELD GROUPS 


Yields 

1941 

5-Crop 


1942 

5-Crop 


with age 

32-8560 

average 

% 

32-8560 

average 

% 

and area data 

yields 

yield -f-or — 

yields 

yield 

+or — 

T.C.A 

101.37 

75.76 

+34 

101.48 

79.82 

+ 27 

T.S.A 

13.12 

10.42 

+26 

12.63 

10.74 

+ 18 

T.C./T.S. .. 

7.72 

7.27 

— 6 

8.03 

7.44 

— 8 

T.C.A.M. .. 

4.71 

3.24 

+45 

4.47 

3.44 

+30 

T.S.A.M. .. 

610 

.446 

+ 37 

.556 

.463 

+ 20 

Age 

21.51 

23.38 

— 

22.71 

23.20 

— 

Area 

1,322.91 

6,349.14 

— 

1,052.39 

6,764.76 

— 
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32- 

-8560— SUMMARY OP PER CENT GAINS AND LOSSES 



Koolau — 

Mauka Koolau— 

-Makai 

, — Waianae— N r-Plantation-^ 


1941 

1942 1941 

1942 

1941 

1942 1941 

1942 

T.C.A 

42 

30 26 

35 

23 

- 2 34 

27 

T.S.A 

38 

23 23 

22 

9 

— 7 26 

18 

T.C./T.S. .. 

— 3 

— 6 — 3 

—13 

— 12 

— 4 — 6 

— 8 

T.C./A.M. . 

50 

32 36 

31 

36 

10 45 

30 

T.S.A.M. . .. 

46 

25 33 

18 

21 

5 37 

20 
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32-8560— SUMMARY OF T.C.A.M. AND T.S.A.M. YIELDS— 1940-1941-1942 

'Koolau Mauka — ^ ^Koolau Makai — f Waianae ^ , Plantation — ^ 


Crop 

T.dA.M. 

T.S.A.M. 

T.C.A.M, T.S.A.M. T.C.A.M. T.S.A.M. 

T.C.A.M. T.S.A.M. 

Total area 

1940 

5.24 

.561 

4.99 

.587 


5.19 

.566 

292.07 

1941 

4.72 

.644 

4.73 

.601 4.69 

.553 

4.71 

.610 

1322.91 

1942 

4.45 

.570 

4.63 

.545 4.14 

.525 

4.46 

.556 

1052.39 

Ttl. average 

4.67 

.606 

4.72 

.577 4.45 

.541 

4.66 

.584 

2667.37 


Some Trends of Factors A ffecting Cropping: 

The proper cropping of a variety is dependent upon a number of factors. One 
thing certain is that optimum cropping is usually available for only a portion of the 
total fields in a crop. However, the possibility of cropping all fields to advantage 
and making the best out of each particular season through which a field passes in 
reaching maturity is always present. 
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It is essential to know something about the variety in terms of the proper time to 
start a crop, the range of age when maximum yields can be expected, and the month 
of harvest, which in combination with optimum age will give the most effective 
yield. Although all factors affecting growth are cropping factors, the phases dis- 
cussed here refer principally to per acre month yields as related to time of start, age 
at harvest, time of harvest, and juice quality as related to month of harvest, as well 
as age. 

Limitations of operations make it impossible to start and harvest all fields at the 
most optimum time for the best quality of juice and maximum sugar yields. Effec- 
tive cropping requires continual analysis so that 32-8560 can be made to produce the 
maximum economic yield of sugar consistent with the time of start, time of harvest, 
and age of crop involved. 

The data that Waialua have available for a study of the cropping factors of 
32-8560 are limited to forty-five fields. These have been harvested over the past 


TSPAM-TCPAM AS RELATED TO MON^H CP START 
32-0560 AO'At-42 CCOP5 


LtfiCNO: 



PtB mar APR MAY JUM out. ADA SEP OCT MOV OEC 


Fig. 2 


three years. The greater proportions of these represent plant crops. There are in- 
sufficient data available for a study of ratoons as related to plant crop yields. For 
the purpose of this report, the plant and ratoon crops have been combined. Addi- 
tional data will undoubtedly modify the trends shown in the following graphs. 

Time of Start: Fig. 2 indicates the trend of 32-8560 yields as related to the 
month of start. It is shown on the basis of available information that April, May, 
June, July, and August have been the best months in which to start 32-8560 crops. 
The peak months occur in June, July, and August. It is surprising that the favor- 
able months of start extend so far into the summer months. This is due, perhaps, to 
the lack of a substantial number of fields started in the early months of the year. 
There is a possibility that due to 32-8560's tendency toward rank growth, a midsum- 
mer start allows the crop to start well and at the same time puts two winter seasons 
and a growing summer in the proper place to exercise a favorable control on cane 
and sugar production. A similar control can also be afforded through fertilizer prac- 
tice and irrigation control, at least in part. 32-8560 is able to sustain good growth 
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at lower tem|Deratures than H 109 and the winter months do not constitute such a 
critical period of growth reduction. This can be noted in the graph on Average 
Weekly Growth (Fig. 1). 

TSPAM-TCPAM AS RELATED TO AGE AT HARVEST 

32- 8560 40*4J-42 CROPS 

L E a £ >N O . 

■■■ ' TSPAM 

rnmmmmmmm TCP^A^ 



AGE IN AAOA^THS 

Fig. 3 

Age to Harvest: Fig. 3 indicates the trends as to the proper age to harvest 
32-8560 to obtain the best T.S.A.M. values. 

This graph shows that the best age to crop 32-8560 is between 20 and 24 months. 
In this range of age, the most satisfactory sugar per acre month ])roduction came be- 
tween the ages of 20 and 21 months. However, the manner in which sugar ])er acre 
month production is maintained up to 24 months ])oints toward a 20-24-nionth cro})- 
ping age as giving the best yields. 

T.C.A.M. production is highest in the lower age groups and decreases gradually 

TC/TS AS RELATED TO AGE AT HARVEST 

32-8560 

40-41- A2 CROPS 



I4-1« . t8-l9 19-20 20-2 1 2J-22 22 23 23*24 2426 

AGE IfsJ MONTHS 


Fig. 4 




189 


with increased age, although beyond 24 months there is an indication of a rise in 
T.C.A.M. We have evidence that 32-8560 will carry over in good condition beyond 
24 months if necessary ; however, due to the decreasing rate of sugar i>er acre month 
production, it is felt that excessive age should be avoided if at all possible. 

T,C./TS. and Age at Harvest: On the basis of available data, juice quality ap- 
pears to improve with age up to 23 months. A graph of this sort does not give the 
complete picture because the cropping, esi>ecially the month of harvest, has a domi- 
nant effect on juices obtained, other factors being equal. T.C./T.S. as related to age 
is set forth in Fig. 4. 

TC/TS BY MONTH OF HARVEST 

32- B&eo 
40 41' 42 CROPS 






190 


Starting with March, juice quality steadily improves through June. In July 
there is a slight decrease in quality and in August, juices are somewhat poorer. The 
best juice months are April, May, June, and July. 

Here again it is necessary to look beyond this graph to the others presented here. 
T.C./TT.S. as related to age is a factor. Age at harvest is also a factor. In other 
words the combination of age and time of harvest influences considerably the quality 
of juice obtained. 

Month of Harvest: Fig. 6 shows T.C.A.M. and T.S.A.M. as related to month of 
harvest for the variety 32-8560. 

February, March, April, May, June, and July appear to be the best months in 
which to harvest for maximum sugar per acre month production. April, May, and 
June are the peak months. This trend is consistent with past experience. 

Comments on Cropping: 

It appears that 32-8560 does best when harvested between the ages of 20 and 24 
months. Per acre month production decreases with increased age so crops should 
preferably be between 20 and 22 months of age ; however, 32-8560 does well enough 
at 22-24 months to justify amply crops of that length. Since the best economic re- 
turns are not always associated with maximum sugar per acre month production, the 
carrying ability of 32-8560 in crops over 22 months of age is of definite interest. 

On the basis of observations and yields, crops harvested late in the year (Au- 
gust, September, and October at Waialua) should be in the age range of 22 to 24 
months for best results. This is a t)eriod of declining juice quality and 32-8560 
which is a little older and with fewer immature stalks is better suited for harvest at 
this time than is a 20- to 22-nionth crop. Still younger cane harvested late in the sea- 
son is even more dangerous. 

If it is necessary to take short crops, it is felt that 14 to 16 months cane is more 
satisfactory than 16 to 19 months cane, particularly if the fields are to be harvested 
late. In the 14 to 16 months group, the suckers have not had time to develop to the 
point where juice quality is adversely affected to a serious extent. Fields 16 to 19 
months of age harvested late at Waialua have given relatively poor yields compared 
with similarly aged fields harvested during the period from April to June. In gen- 
eral it is felt the short crops of 32-8560 should be avoided whenever possible. 

32-8560 — Diseases and Pests: 

In addition to being a versatile variety in relation to soils, elevations and climate, 
32-8560 is outstanding in its resistance to plant diseases and insect pests. 

Plant Diseases: At Waialua no major plant disease has made a serious threat to 
the variety. 

32-8560 has proved to be resistant to eyespot disease. This represents a real 
stride forward in disease control at Waialua. The use of a resistant variety has prac- 
tically eliminated the presence of a disease that a few years ago was causing real fi- 
nancial loss to Waialua. This is an outstanding example of disease control by the use 
of a resistant variety. 

Brown stripe has been observed, particularly in the mauka areas during the wili- 
er months when low temperatures and rainy weather dominate the environment. 
The extent of brown stripe during this period of the year has not been considered 
s^ious. 32--8560 can be considered rather tolerant to this disease. 
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Chlorotic streak, a potential pathological danger, has been observed in low poorly 
drained areas. Recently we have noted the disease in mauka areas where seed was 
taken from low poorly drained fields. As a precautionary measure we are trying to 
avoid the cutting of seed from such fields. 

Due to the rank growth characteristics of the variety, a few scattered cases of 
knife-cut have been noted. Proliferation in ratoon stools has also been observed. 
Major plant diseases have been conspicuous by their absence and thus far have of- 
fered no problem in the growing of this variety. 

Pests: Insect pests have not found 32-8560 to their liking. At least conditions 
have been such that damage has been minor for the period in which 32-8560 has 
been grown at Waialua, 

Rat damage is, of course, chronic but as long as rat control measures are con- 
tinued, there will be no threat from this source. 

Armyworms have appeared on 32-8560 ; however, due to the prevalence of para- 
sites in the district, we have had no epidemics of serious proportions. No other in- 
sect pests have caused damage on 32-8560 sufficient to recognize them as serious 
pests. 

M illing Characteristics : 

Among the newer varieties, 32-8560 resembles H 109 more closely in milling than 
any of the others. 32-8560 is harder on the knives. Tests have shown that the knife 
motors require more power when handling this variety. This is probably due to the 
long stringy fiber. Boiling house characteristics are about the same as H 109. 

In the fireroom there is again a striking similarity between 32-8560 and H 109. 
Bagasse samples from this variety are usually lower in both moisture and pol than 
are most other varieties. It is felt that this may be, in part, due to the fact that prac- 
tically all of the 32-8560 harvested through 1942 has been plant cane. 

32-8560 has been observed to deteriorate more rapidly than H 109 after burning 
and harvesting. This has also been observed on other plantations. There is the feel- 
ing that this is largely due to the tendency of 32-8560 to split and tear rather than 
to have a clean break. Mechanical harvesting develops much cane that is in this con- 
dition. After rains, if the cane is slow in getting to the mill, there is usually consid- 
erable sour cane. To minimize the amount of deterioration, a close control on sizes 
of burns is needed. For that reason there should be close- cooperation between the 
liar vesting superintendent and the mill. 

Harvesting Characteristics of 32S560 : 

From a harvesting point of view, 32-8560 is more like H 109 than any other va- 
riety we have grown. H 109 in the harvesting field as in the mill is looked upon as 
the best cane to handle. The fact that 32-8560 comes very close to H 109 is fortunate. 

Grab-harvesting has found the stools of 32-8560 to be strong, and they do not 
pull out excessively. Like H 109, ^32--8560 will either break off at the surface of the 
ground or will leave a 3- to 5-foot stalk which can be readily handled by the ground 
crew. It is vastly superior to 31-2510, H 8965, 31-2347, P.O.J. 2878, 27-8101, 
31-1389, 31-2806, and others that have come through the variety parade of the past 
years. 

Due to the rank growth that develops with 32-8560, the quality of burns obtained 
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are usttally not as good as with H 109. The persistent green tops generally never dry 
up and burn as well as does H 109. T^his results in a somewhat higher per cent trash 
with this variety. 

With the present form of harvesting being used, 32-8560 seems well adapted to 
grab-harvesting due to its heavy tonnages. 

The principal fact of interest is that this variety has no serious handicaps that 
affect its harvesting. It has been generally observed, due to its growth habit, that it 
can withstand more rigorous treatment than can, for example, H 109. With our 
present method of harvesting, this is of real importance. 

A Summary of 32-8560 at Waialua: 

The spreading of 32-8560 started in 1938 and increased in area with each suc- 
ceeding year. Sixty-nine per cent of the present cultivated area is now planted with 
this variety. 

Germination and subsequent stands of the variety have been good. In general, 
replant has been light. The variety offers no problems in cultivation at Waialua and 
indications are that ratoons will be cheaper than plant cane to cultivate. 

Good irrigation is required to obtain maximum yields with 32-8560. There is 
evidence that ratoons will require careful irrigation to obtain com])aral)le yields with 
plant cane. 

Ripening is still an uncertain factor with 32-8560. Much care and study is need- 
ed to ripen 32-8560 effectively within the range of controllable factors. P'urther 
studies are being made. 

Fertilization has been close to optimum. Recommendations for a nitrogen reduc- 
tion in plant 32-8560 are made. It is suggested that this can be applied where needed 
in ratoon fields of the variety. Phosphate and potash practice appears to l)e satis- 
factory. 

The growth rates of 32-8560 are showm to be considerably better than H 109. 
The interpretation of these growth data is of real importance in relation to cropping 
and cultural practices. 

It is shown that 32-8560 gives its best yields in the mauka areas above 300 ieet 
elevation. This refers to both actual yields and per cent gains over previous yields 
in the same fields. The mauka fields have displaced the makai areas for the time be- 
ing, at least, as the most effective sugar-producing area at Waialua, 

Lack of sufficient data makes a study of ratoon yields difficult at present. Sug- 
gestions for improved cultural practice in ratoons have been made. 

Several graphs pertaining to factors affecting the cropping of 32-8560 are pre- 
sented. Although based on averages, the data point out several trends which are of 
importance in effective cropping. 

32-8560 has been found to be resistant to plant diseases and pests. Milling and 
harvesting characteristics of the variety are touched on briefly. 
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Sugar Prices 


96° CENTBIFUGALS FOB THE PEBIOB 
MABCH 15, 1943, TO JUNE 14, 1943 

Date Per pound Per ton 

Mar. 15, 1943-June 14, 1943 3.74c $74.80 
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Yield Variations With Special Reference to Border Effects 

in Field Tests 


By R. J. Borden 

Largely due to observations made during the early growth of sugar cane upon 
the outer rows of adjacent, differently treated plots in field tests, opinions have 
differed concerning the extent of the influence on final yields which could be due to 
border effect. Hence from Heo recently harvested nitrogen tests at Waipio, ei^idence 
7ms sought to prove the existence of such effects. The results lead us to the folloiv- 
ing conclusions: (a) IVhen the plan of the experiment is such that the treatment 
differentials for adjacent plots are apt to cause large differences in final yields, a 
rather definite border effect unll be found, but (I)) 7vhen the treatments on adjacent 
plots are not greatly different and the expected yield differences are apt to be quite 
small, then little or no border effect can be expected. 

It is not an uncommon occurrence, when making* oliservations of the growth of 
sugar cane during its early development while the stalks arc still erect, to find a lack 
of uniformity and to see some rather definite growth differences. Unfortunately 
we have little proof of what actually hapj^ens to these early growth differences after 
the cane goes down and so we do not know whether or not they are carried right 
through to harvest and actually affect the final yields. Similarly and perhaps just 
as often, our observations reveal a remarkable degree of growth uniforffnty during 
these first 6 or 8 months of development but results at harvest indicate that this 
early uniformity is not always carried through the crop. Thus it is quite apparent 
that different sorts of growth influences become operative during the second half of 
the growth period which greatly modify the cane growth made earlier. 

There is some evidence from field tests that early visual differences in growth 
may not have as great an influence on final yields as we are sometimes inclined to 
imagine. For instance, on most of our older cane lands when phosphate fertilizers 
are now supplied for a sugar cane crop at time of planting, a pronounced increase 
is generally seen over the check plots in the early growth and tillering, and obser- 
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vations of this initial stimulus frequently give rise to unduly optimistic estimates of 
final cane yields. However, as the crop develops, the growth differences between 
the phosphate-fertilized cane and the cane which has received no phosphate are 
found to gradually even up, and when the crop is finally harvested no significant 
differences in yield are found. In contrast, we have such observations as were 
made in Waipio Experiment 110 where there were no observable differences in cane 
growth for the first Sj /2 months between the “no-nitrogen” and “nitrogen-treated” 
plots, and yet at harvest 15 months later a very substantial difference in cane yield 
favored the latter. 

The observation of early growth differences in adjacent but differently treated 
plots in field tests has sometimes led to an unwarranted interpretation, and has even 
cast some doubt on the Validity of final yield figures submitted after harvest. Our 
initially formed opinion is apt to be biased by what we see early, and because we 
do not see the changes which take place later, our first judgment persists. It is our 
opinion that our observations cannot be depended upon to show a high correlation 
with final yields, because growth influences, the effects of which are not easily rec- 
ognized after the cane is recumbent, can cause great changes in factors which con- 
tribute to final cane yields. 

If the preceding comments concerning early ol)servations of cane growth are 
admitted, then it is easy to agree that “border effect” has l)een seen in some of our 
field experiments. But before we are willing to admit that such observed “l)order 
effect” has greatly influenced yield com])arisons and led to a faulty interpretation 
of the results, we shall need better proof. 

We shall define “border effect” in field tests as that difference in cane yield 
which results when one (or more) of the outside or border rows in a plot receives 
an advantage or a disadvantage in some growth factor which is not received by an 
inside row. Such factors as differences in nutrients, water, sunlight, and exposure 
to wind are apt to be these chief causes. 

Since nitrogen tests are so important in our plan of research, we have sought 
our evidence from 2 nitrogen tests recently conducted at Waii)io. In Exi)eriment 
No. 110, a heavy nitrogen application (220 pounds ])er acre) was compared with no 
nitrogen in several groups of adjacent ])lots. This is ])robably a larger nitrogen dif- 
ferential than we would commonly use in an “amounts-of-nitrogen” experiment but 
it was planned this way in order to get a better idea of the maximum extent of any 
border effect which might be found. 

Observations made at 3^ months showed no evidence of a difference in growth 
between the two treatments and not until months was it ])Ossible to distinguish 
any differences, and then it was chiefly a leaf-color difference which distinguished 
the treatments. Furthermore it is very doubtful that a border effect was actually 
observed while this cane was still erect. 

When it was time to harvest the crop adequate supervision* was supplied to see 
that the cane was cut and weighed separately from each row in each plot. Since 
the rovv’s were of variable length all row yields were subsequently calculated to a 
tons-per-acre basis and our studies have been made from these T.C.A. figures. 

The yields of the individual rows which were harvested are graphically shown 
in Fig. E This test occupied 5 blocks (of 2 plots per block) in 4 separated areas 

* By Smith, Yamasaki, Ching, and McCall, 
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in Field L. In blocks 1 and 2 there were 8 rows in each plot ; block 3 had two 9-row 
plots, and plots in blocks 4 and 5 had only 6 rows each. 

An inspection of Fig. 1 shows some rather clear-cut evidence of border effect as 
judged by the actual cane yields harvested and, as will be seen shortly, a statistical 
analysis of the yields from the border rows tends to confirm this evidence. Except 
for row 8 in plot 55 X, the border rows in the other plots with Treatment X (no 
nitrogen) appear to have been increased through their intimate association with 
cane in an adjacent row which had received nitrogen fertilizer ; we assume that they 
‘*stole” some of the nitrogen. At the same time border rows in the plots which 
received nitrogen also seem to have benefited by being next to cane which received 
none ; apparently they were not adversely affected by their loss of nitrogen to their 
adjacent “no-nitrogen” cane and were benefited by the extra sunlight made avail- 
able when growth of the stalks in the adjacent “no-nitrogen” row failed to keep up 
with them. 

To support the evidence in Fig. 1 we have the following statistical analysis. We 
have made use of the yields from all rows except the border rows to determine the 
extent of the expected or chance variation which is probably not a border effect 
within this test area. Thus we find that after deducting the treatment effects and 
the block eflfects from the total variation for the 54 inside rows in this test, we have 
a standard deviation of 12.4 tons. With this figure for the chance error of a single 
row as our guide, we can assume that the individual row error which falls within 
an amount of “t”* times this standard deviation is quite likely an expected error for 
this area or population of cane, and therefore cannot be safely attributed to any 
specific border effect. If, however, the individual error for a border row is greater 
than the expected error (24.9 tons in this case), we are probably right in assuming 
that it has been influenced by some factor other than chance, and so we can more 
safely assume that a definite border effect has been measured. 

To find the amount of individual error in the yield from each of the border 
rows, we first assessed the difference between each border row yield and the general 
mean yield of all 54 inside rows, and from this difference we then substracted the 
variation due in each case to the specific treatment of the border row and also to 
that variation which is most likely due to its position in a specific block. This was 
done by use of the following formula if 

5e = S [(x — x) — (xt — x) — (X), — x)] ; which when simplified becomes 
e =: X — Xt — Xb + X, where e individual row error ; x ~ yield of l)order row ; 
X = mean yield from inside rows ; Xt — treatment average ; and Xb — block average. 

This calculation and its results are shown in Table I, being broken down into 6 
groupings to allow for slight differences in their border row exposures. They may 
be discussed as follows : 

* t for P @ .05. 

t For proof of identity, W. IT. Beckett in Vol. IX, pp. 10 of ‘‘Tropical Agriculture,^* 
1932, refers to Journ. Royal Stat. 8oc. XCIV, Part 11, “Mathematical theorem involved in 
the analysis of variance. * * 
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TABLE I 

EKKOBS IN BORDEB ROWS (EXPERIMENT 110) 


Se == 

= 2 [ (X- 

~ .r) 

(Xl — x) 

— (Xi. — 

X)] 






Row 

General 

Treatment 

Block 


Group I 

Plot 

Rows 

yield (x) 

mean(ir) 

raean(xt) 

mean(xb) 

e 



8 

94 

104 

79 

118 

+ I 


57 

1 

304 

104 

79 

108 

+21 

Rows with no nitrogen ad- 

57 

8 

108 

104 

79 

108 

+ 25* 

jacent to rows with iugli 

2(i 

1 

103 

304 

79 

96 

+32* 

nitrogen 

10 

1 

85 

104 

79 

86 

+24 


10 

() 

81 

104 

79 

80 

+20 


:\i 

0 

131 

104 

79 

107 

+49* 

Group II 









r 50 

1 

151 

104 

128 

118 

+ 9 

Rows with high nitrogen 

50 

8 

148 

104 

128 

118 

+ 0 

adjacent to rows with no v 

58 

1 

154 

104 

128 

108 

+ 22 

nitrocrpTi 

25 

9 

170 

104 

128 

96 

+ 56* 


9 

0 

157 

104 

128 

86 

+47* 


32 

1 

169 

104 

128 

107 

+38* 

Group III 








1 

r25 

1 

124 

304 

128 

96 

+ 4 

High N adjacent to high N J 

! 9 

1 

103 

304 

128 

86 

— 7 

1 

[ 32 

<; 

333 

104 

128 

107 

+ 2 

GROirp IV 









20 

9 

89 

104 

79 

96 

+ 1S 

No N adjacent to no N | 

31 

1 

83 

104 

79 

107 

+ 1 

Group V 








High N adjacent to | 

58 

8 

321 

104 

128 

108 

- 11 

unplanted row ) 








Group VI 








No N adjacent to » 

55 

1 

129 

104 

79 

118 

+ 36* 

un planted row j 








Expected e = 

= 2.01 X 

12.4 = 

24.9 tons. 

* 

significant. 




The 7 border rows in Group 1, none of which had received any nitrogen ferti- 
lizer but were adjacent to cane rows which had been heavily fertilized with nitrogen, 
all had positive amounts of error which in three cases were greater than would nor- 
mally be expected by chance ; hence this would appear as fairly reliable confirmation 
of a border eflfect on cane in these nitrogen-deficient border rows. 

Three of the 6 rows in Group II, rows which had been fertilized with nitrogen 
and which adjoined non-fertilized rows, had errors which were in excess of the 
expected chance error; hence this fact also supports other evidence of border effect 
on the high-nitrogen-fertilized rows. 

In Groups III and IV there is no statistical proof of border effect and this is 
to be expected since the border rows are adjacent to rows of cane which had been 
similarly fertilized. 

Data in Groups V and VI are too scanty for discussion but it would certainly 
appear that row 1 in plot 55 derived some benefit from having the unplanted row 
adjacent. 
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Our second study was made on cane cut from Waipio Experiment 114. This 
test was located on a very uniform piece of land in Field 21. Sixteen 6-row^ plots 
were carefully planted with 32-8560 cane on August 4, and thereafter handled to 
assure as uniform growth as possible. Two nitrogen differentials were used, accord- 
ing to the following plan of fertilization : 

Pounds ]>or juto n 

Plots Sept. 24 Nov. 22 March 23 Total 

L 40 40 40 120 

II 40 80 80 200 

At no time during the growth of this crop were growth differences observed 
although the general color of the “H” plots may have been a slightly darker green 
during the first summer ; however, this color difference was never clearly apparent 
in the border rows of adjacent i)lots. 

At harvest* the rows in this test were cut separately and all cane weighed in the 
field. From these weights, Fig. 2 has l)een pre])ared with all cane weights calculated 
to their equivalent T.C.A. (net area basis). This graph vividly shows the possible 
nature and extent of the yield variation which may be found in adjacent single rows 
of 32-8560 plant cane, which in its early growth stages was remarkably uniform 
and certainly showed no evidence to indicate such extremes of variation as were 
actually measured wdien harvested at 22 months. Such facts as these should make 
(juite clear what we have repeatedly emjdiasized — that yields from single rows of 
cane are wholly unreliable for comparative ])ur])oses because they are the result of 
so many unknown influences. 

Careful study of Fig. 2 will show that the T.C.A. differences between the border 
row (No. 1 or No. 6) and the adjacent or next inside row (No. 2 or No. 5) in these 
])Iots are ])erhai)s no more varia])le than the differences between some of the inside 
adjacent rows which are ]K)sitionally removed from border effect. This makes it 
difficult to su])port any great jirobability that border effect has been a factor in this 
test. Perhaps the nature of the ])lan of fertilization was not conducive to liorder 
effect for unlike the large differentials in the nitrogen fertilization of Experiment 
110 which we have already discussed, the treatment differences in this Experiment 
114 were quite small; here it was not a case of “with or without” nitrogen l)ut 
rather a case of “some and more” and a])parently “some” was enough, for we found 
no real gain for “more” nitrogen (Treatment H) when the test was finally harvested. 

A stativStical study of these row’ yields made as jireviously described for Experi- 
ment no. gives us a high figure of 20.7 tons for the standard deviation of the 64 
inside cane rows in this area and indicates that in this 160-ton cane an individual 
row^ error of 41.6 tons could lie expected for any single row within a similar popu- 
lation of cane stalks. The individual errors of all border row’s in this area have 
been calculated and api)ear in Table II ; they are broken down into 6 groupings to 
vseparate the differences in their exposures. 

The 10 rows in Group I had each received the low or 120-])ound application of 
nitrogen and were adjacent to rows wdiich had l)een given the higher level or 200 
pounds. It was in this group especially that we had ex|)ected that a border effect 
might be involved which would tend to make the plot yields higher when roots from 

^ Undor (*aroftil supervision of Messrs. Smith, Swezoy, Yumasaki, and Hind. 
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the cane in the border rows '‘stole’' nitrogen from the more heavily fertilized row 
of the adjacent plot. The results can scarcely be said to have verified this expec- 
tation for only in Plot 49, row 1, do we note an amount of positive variation 
(e = +52) from the expected (41.6) which might indicate a border effect of this 
nature. On two other plots, Nos. 47 and 55, an effect of some nature other than 
chance is suggested which has apparently reduced the yield of their No. 6 or border 
row. 


TABLE II 

ERKORS IN BORDER ROWS (EXPERIMENT 114) 


2e = 

= S[(x- 

-x) ~ 

(Xl — «) 

— (Xb — 

X)] 



Group I 

Plot 

Rows 

Row 
yield (x) 

General 
mean (x) 

Treatment 
mean(xi ) 

Block 

mean(xb) 



r 42 

1 

124 

160 • 

157 

138 

] 


43 

6 

151 

160 

157 

151 

+ ;! 


4() 

1 

131 

160 

157 

156 

* 22 


47 

6 

131 

160 

157 

179 

-^45* 

Rows with low nitrogen 

49 

1 

183 

160 

157 

i;i4 

4-52* 

adjacent to high nitrogen 

49 

() 

144 

1()0 

157 

134 

+ 13 


52 

1 

185 

160 

157 

182 

-f 6 


52 

G 

157 

160 

157 

182 

22 


54 

I 

146 

160 

157 

150 

-- 1 


55 

6 

134 

160 

157 

lyio 

- 53* 

Group II 


r 41 

6 

157 

KH) 

163 

138 

+ 16 


44 

1 

157 

160 

163 

151 

+ 3 


45 

6 

129 

160 

163 

156 

■ 30 


48 

1 

153 

160 

163 

179 

-29 

Rows with high nitrogen 

48 

6 

155 

160 

163 

179 

„„27 

adjacent to low nitrogen 

50 

1 

128 

160 

163 

134 

— 9 


1 51 

6 

126 

160 

163 

182 

-59* 


53 

1 

155 

160 

16;; 

150 

+ 


53 

6 

165 

1 60 

163 

150 

+ 12 


56 

1 

173 

160 

163 

190 

-20 

Group III 

Rows with low nitrogen f 

'^42 

() 

209 

160 

157 

138 

+ 74* 

adjacent to crop cane 1 

43 

1 

130 

]0(> 

157 

151 

-18 

54 

6 

182 

160 

157 

150 

4-;;5 

Group IV 

Rows with high nitrogen f 

'41 

1 

142 

160 

163 

138 

+ 1 

adjacent to crop cane ] 

44 

6 

205 

160 

163 

151 

+51* 

50 

6 

141 

160 

163 

134 

+ 1 

Group V 

Rows with low nitrogen j 

adjacent to ditch \ 

47 

1 

163 

160 

157 

179 

- 13 

55 

1 

160 

160 

157 

190 

-~21 

Group VI 

Rows with high nitrogen r 

45 

1 

162 

160 

163 

156 

+ 3 

adjacent to ditch | 

51 

1 

188 

160 

163 

182 


Expected e = 

= 2.01 X 

11 

O 

41.6 tons. 

¥i _ 

significant. 
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In Group II we have 10 rows fertilized with high nitrogen which adjoin low 
nitrogen plots. Row 6 in plot 51 has an error which is considerably larger than it 
should be and this together with the record of its low yield might lead us to imply 
that it had lost some of its nitrogen to the adjacent row 1 of plot 52, if it were not 
that we have already seen from Group I that this row was apparently not benefited. 
Hence it would not be wise to assume any proved border effect for rows in this 
group. ^ 

In Groups III and IV there is no reason for any border effect since the fertili- 
zation of the crop cane was identical with that of the border row in the test plots 
which adjoin it. Hence the reason for the high error in row 6 of both plots 42 and 
44 is ])urely speculative, but indicative of a faulty separation of cane by the indi- 
vidual cutter who harvested l)oth of these rows. 

The data in Groups V and VI are too scanty for discussion but are offered at 
this time merely for record. 

The evidence from these 2 tests is somewhat contradictory but we believe that 
the difference in their 2 plans of fertilization supplies the reason. Thus when large 
cane yield differences are ex])ected, such as would be the case when a real deficiency 
in some growth factor exists, there is a good likelihood that border effect will influ- 
ence yield comparisons, but where expected yield differences arc apt to be small, 
such as would be the case in most of our Grade A "Amounts” tests, this border 
influence may not l)e a very large one even if it exists at all. However, the best 
])rocedure is to admit the possil)ility of its existence and to use those features of 
an intelligent experimental technique that will tend to reduce l)order effect to a 
minimum. 
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Mosquitoes and Some Other Noxious Flies That Occur 

In New Caledonia 


By Francis X. Williams 

Eleven species of mosquitoes are now recorded from New Caledonia. These are 
discussed in the present paper as well as the occurrence of certain other noxious 
flies found there. 

Jn May 1940 the Experiment Station of the Hawaiian Sugar Planters’ Asso- 
ciation sent the writer to New Caledonia to investigate the insects that affect agri- 
culture and the health of man as well as to add data on the general geographical 
distribution of insects in the Pacific. The information thus acquired during a four- 
month stay on this island has a direct hearing on the Hawaiian problem of quaran- 
tine against foreign insects. With air and sea traffic on the increase, it will become 
more and more difficult to prevent the accidental introduction of insect i)ests to our 
shores. Some of these new |)ests, should they reach Hawaii alive, would find very 
suitable breeding places. This is particularly true of mosquitoes, and while malarial 
mosquitoes (Anopheles) seem to be absent in New Caledonia itself — although pres- 
ent in the New Hebrides some 200 miles or more to the north and eastward — other 
and very annoying species occur there but not in Hawaii. Two sjiecies of salt marsh 
or lagoon mosquitoes, viz. Acdcs zdqilax and Ciilex sitiens are at least at times very 
common about Noumea, the capital city and chief sea])ort of New Caledonia. Were 
these two mosquitoes introduced here they might readily become estaldished in such 
a large area as I^earl Harbor and in numerous other ])laces along our shores. 

New Caledonia — area 6,296 square miles — is an elongate and rugged island that 
lies just within the Frojiic of Ca])ricorn in the southwest Pacific. Many localities on 
it were visited. I went as far north as Nepoui on the west coast and Hienghene on 
tile east, and made a l)rief stop at the Isle of Pines, off the southern extremity. More 
time was spent about Noumea, well to the south, than anywhere else. The collec- 
tions are far from complete ; they were made during the cooler jiart of the year, some 
of the visits were short, and the more tropical northern extremity of the island was 
not seen. 

In 1922 Edwards (10) listed and discussed 8 s|)ecies of mosquitoes from New 
Caledonia as follows : 

Mucidus kermorganti (Laveran) 

Aedes (Stegoniyia) argenteus Poiret* 

Aedes (Ochlerotatus) vigilax (Skuse) 

Aedes (Finlaya) notoscriptus (Skuse) 

Tacniorhynchus (Coquillettidia) brezncellulus Theo. 

Culex sitiens Wied. 

Culex fatigans Wied.* 

* Also found in Hawaii. Culex fatigans is the same as Cnle3» quinquefaseiatus, and Aedes 
argenteus is the same as Aedes aeggpti. 

TBJS HA W All AN PLANTERS' RECORD, Vol. 47, No. 4, 1943. 
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Rachionotomyia caledonica, sp. n. 

Since that time three others have been definitely recognized or added, making a 
total of 11 species, viz: 

Mucidus alternans (Westw.) 

A edes ( A edotnorphus ) vexans ( Meig. ) 

Culex (Neoculex) pseudomelanoconia Theo. 

Nine species, including a new record, were taken on the present survey. Most 
of these mosquitoes are found elsewhere and some are widely distributed. Mucidus 
kermorganti Laveran has thus far been recorded only from New Caledonia, al- 
though it may be but a variety of another species of wider distribution (Edwards 
11), while Tripteroides caledonica (Edw^ards) occurs also in the New Hebrides. I, 
myself, took no Anopheles, or malarial mosquitoes, in New Caledonia nor heard of 
any case of their presence there. 

Much of the literature referring to mosquitoes chiefly of the Australasian and 
Oriental regions has not been available, l)ut those works that were consulted are listed 
at the end of this paper. 

There are many types of breeding jdaces for mosquitoes in New Caledonia. 
Particularly, on the west coast there are mangrove swamps that have occasional 
stagnant jX)ckets devoid of fish. In the yards and gardens one may find barrels and 
tanks harboring mosquito larvae. More or less tem]X)rary, grass-margined ])ools 
occur among the fore hills and roadsides and both clear and sluggish streams are to 
be found as well as fresh-water swamps. There are also some water-holding plants 
such as N epenthcs the larvae may breed. 

Some of the mosquitoes in the collection are reared specimens and it is believed 
that all of these are correctly associated in regard to their immature and adult stages. 
All the specimens were determined by the writer. 



Fig. I, Tripteroides caledonica, female. Ride view of thorax. Most of the bristles are 
omitted, 
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Triptcroides (Mimcteoinyia) caledonica (Edwards) 

Rachionotomyia caledonica Edwards, F, W., (10, pp. 100-101), 1922. New 

Caledonia: Houailou (Montague), June and July 1914, bred from pitcher of 

Nepenthes. 

This is a rather slender, neat-looking mosquito with a very long dusky proboscis. 
It is not heavily scaled and the brownish thorax has two wide strii>es of narrow white 
scales on the side (Fig. 1 ), the upper stripe being joined in front; the abdomen is 
nearly black with narrow white bands and the legs except at the base are uniformly 
dusky. This insect stands or rests quite steeply, head downwards in much the same 
way as does Anopheles. 

A single female of this mosquito was taken at Hienghene, well up the east coast, 
on October 5, 1940. This locality is near Houailou where this species was first taken 
by Montague in 1914. A fair series was bred in late October and early November 
1940, from the ])itchers of a species of terrestrial Nepenthes plant growing as a 



Fig. 2. A species of pitcher plant (Nepenthes) on a rocky hillside of southern New Cale- 
lionia. Near the center of the picture are three << pitchers ' one clearly showing the lid, while 
flomowliat to the left is a pitcher placed in a large vial. The mosquito, Tripteroides caledonica, 
breeds in the liquid in the base of the pitchers. Photo by Louisa Clark Williams. 
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small colony on a sheltered slope of a ridge leading to a lighthouse at Prony Bay, at 
the southern extremity of the island. These low plants ( Fig. 2) with a portion of 
their leaves modified pitcher-like, gracefully C3dindrical and from to inches 
tall, also bear normal leaves, and flowers on sejmrate stalks. The pitchers contained 
a rather syrupy liquid in their basal part, including the stem for some distance. 
Tripteroidds caledonica larvae and pupae of pale color were active in this liquid. 
In addition, a number of other insects and a small skink lizard had been trapped in 
the smooth-walled containers, and had perished and in many cases were well on the 
way to distintegration in the plant’s fluid. Conspicuous among the trapped insects 
were the ordinar\^ hive bee (Apis mcllifcra L.), some of the smaller native bees, two 
small spider wasps ( Psammocharidae ) , an ichneumonid wasp, ants, muscoid flies, 
and a green lacewing (Chrysopidae). In a small forest down the slope was a climb- 
ing Nepenthes with larger pitchers and likewise containing mosquito young. 

Buxton and Hopkins (4) refer to this species ( Rachionotoniyia caledonica) as 
common in the northern part of the New Hebrides. Details of the anatomy of the 
larvae (Fig. 3) taken by me from Nepenthes plants at Prony Bay do not altogether 
agree with their figure of the terminal segment (Text Fig. 18, A) but this species 



Fig. B. Tripteroides caledonica^ larva, tail end. 
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is admittedly subject to some variation in the larval stage. In my specimens the pec- 
ten or the breathing tube is very incomplete, the spines perhaps having been rubbed 
off. In the New Hebrides the authors above mentioned (4) found this species — 
identified by F. W. Edwards — breeding in tree holes containing water, i.e. p. 76 
“ . . .in large numbers in a narrow, deep cavity between the main branches of a 
Poinciana tree”. Elsewhere, species of Tripteroidcs (Rachionotomyia) have been 
found breeding in Nepenthes, in tree holes, in an ”01d coconut husk with the top 
cut off for drinking” ( Paine 34), in bamboo stubs, in an old kerosene tin, etc. Here 
they are often associated with other mosquitoes. 

Lloyd in his book The Carnivorous Plants (28) says, p. 51, 'The species of 
Nepenthes are found scattered throughout the tropics of the Old World with the 
center of distribution in the region of Borneo, being found as far East as N. Aus- 
tralia and New Guinea, and to the West in Ceylon and Madagascar, its extreme out- 
post (Danser)”. A number of species of insects are associated with these interesting 
plants ; to further quote Lloyd, p. 78, '‘The nepenthebionts include the remarkable 
number of 26 species; of the Plwridae 6, Chironomidae 1, and of the Culicidae 19.” 
“They feed on the animal detritus found there.” At Singapore, Edwards (14, p. 337) 
found 16 species of mosquitoes, representing 3 genera breeding in pitcher plants. 

Lloyd gives a good bil)liography on Nepenthes. 

Mansonia (Coquillettidia) hrevicellidus (Theobald) 

Tacniorhynchns brczncclluhts Theobald, F. \^, Mon. Cul. II, p. 212, 1901. 

(Recorded by Theobald as Chrysoconops acer Walk.) 

This is a moderately large pale l)rownish, naked-kx)king mosquito with the abdo- 
men showing a purple gloss. Specimens were collected near wSt. Louis, New Cale- 
donia in July. Most of them were flushed from a grassy swamj). This species oc- 
curs in Papua, New Caledonia, Fiji, and the Oriental Region (Taylor 37). The 
early stages were not found but it is known that the larvae of Tacniorhychus insert 
their shar])ly pointed siphon into the tissues of aquatic ])lants and thereby obtain 
oxygen without having to come to the surface. 

Afucid us alt emails (Westwood) 

Culcx altcrnans Westwood, D. O., 1835. Ann. Soc. Eht. France, IV, p. 681, 

(Nova Hollandia). 

Mucidus alternans (Westwood). '‘New Caledonia, Noumea (J. J. Walker, 1 $ 

in British Museum)”. 

Edwards (11) in writing of this species says (p. 367), "A large species which 
could not be confused with any other in the Australian fauna, owing to the shag- 
gily-scaled legs with white rings on the tibiae as well as the tarsi. larvae in shal- 
low swamps.” 

Cooling (5) who observed this mosquito in Queensland says, p. 18, "Almost in- 
variably are the larvae of this species to be found in salt marshes.” “The larvae of 
Af, alternans are inordinate in their 'cannibalistic' desires, for they will greedily de- 
vour the larvae of their own species if other larval forms are not available,” This 
desirable habit goes no farther however, for as an adult this day-flying species is 
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. . famous for its biting powers , . /' (Froggatt 19, p. 290). This conspicuous spe- 
cies was not taken by me. 

The larva is well figured by Cooling (5) and by Woodhill and Pasfield (41). 
The siphonic index (the ratio of the length of the siphon — minus the terminal 
valves and the acus — to its width at the base) is 3. 1-3.3 (Cooling S), and the anal 
gills are small and narrow, 

Mticidus kermorganti (Laveran) 

Culex kermorganti Laveran, C. R., LIII, p. 568, 1901 

Edwards (11, p. 367), “New Caledonia: Noumea (Laveran); Calania (Dela- 
cour).’’ 

Edwards thinks this may be a foi’iii of the preceding. It has not been taken out- 
side of New Caledonia. Not taken by the writer. 

Aedes (Stegornyia) acgypti (Linnaeus) 

Linnaeus 1762. Hasselquists’ Reise nach Palestina, p. 470 (Culex). (==: Culex 
argenteus Poiret, 1787; Culex fasciatus Fab. 1805; Culex calopus Meig. 1818; 
etc.) 

Edwards (10) lists this species in his Culicidae of New Caledonia, (A. argen- 
teus). The present writer took five males and twelve females of this widely clis- 
tributed yellow fever and dengue-spreading nios{[uito, all from Noumea, the ma- 
jority being taken indoors, July, Augu.st, and Sei)tember 1940. 



Fig. 4. Aedes aegypti, thorax, dorsal view. Noumea, New Caledonia. 

This is the species with the silvery lyriform markings on the top of the thorax 
(Fig. 4). In and about habitations it commonly breeds in rain-water tanks, saucers 
of flower pots and other artificial containers ; it also breeds in water-holding plants 
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and in tree cavities. The eggs of aegypti — ^as vrell as others of the same genus — ^are 
known to be drought resistant over a long period. The larva has the comb scales 
with strong lateral barbs. Buxton and Hopkins (4, p. 114) consider Aedes aegypti 
as well as Culex quinquefasciatus (= fatigans) to be recent immigrants in Melane- 
sia and Polynesia. 

Aedes (Finlaya) notoscriptus (Skuse) 

Culex notoscriptus Skuse. Proc. Linn. Soc. N.S.W., (2) III, p. 1738, 1889. 

Described from New South Wales, Australia. 

Edwards (10, ]i. 100) records, “A single female was collected by Mr. Montague 
15 miles inland on the Houailou River." 

The writer collected two females at light at Noumea, September 27, 1940. 

The back of the thorax is marked lyre-like somewhat as in aegypti but lines 
are much finer and there is only a single median line (Fig. 5). The scales compris- 
ing the larval com!) are apically rounded and finely fringed (Woodhill and Pasfield 
41, p. 204), (Cooling 5, p. 23). Its breeding hal)its are much as in the preceding 
si)ecies. 

A. notoscriptus is well -distributed over the Australian region. 



Fig. 5. At'drs notoscriptus, tliorux, dorsal view. Noumea, New Caledonia. 


Aedes (Aedornorphus) i>exans (Meigen) 

Culex vcxans Meigen, Syst. Beschr. VI, p, 241, 1830. 

Ochlcrotatus vexaiis Edwards, Bull. Ent. Res., VII, pp. 218-219, 1917. 

This is a non-domestic nocturnal species having a wide range in tropical and 
temperate countries. A single pair was taken at Noumea in 1940. Larvae were 
found in a pool in the hills behind Noumea. Of this species in Fiji, R. W. Paine 
(34) says, p. 22, "It breeds in puddles on the ground which accumulate after heavy 
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rain and which, in the writer’s experience, are always edged by grasses or other 
short forms of vegetation ♦ . 

This mosquito considerably resembles Aedes (Ochlerotatus) vigilax Skuse, a 
common and annoying salt marsh mosquito also occurring in New Caledonia. The 
male vexans is readily separable from vigilax by hypopygial characters (Fig. 6). I 
have seen no male vigilax. The single female vexans taken has the proboscis prac- 



Fig, 6. Aedes vexans, aedeagus. Noumea, New Caledonia. 


tically unbanded though largely pale-scaled beneath (Fig. 7, B), the vertex of the 
head has much fine pale hair and fewer dark upright forked scales while there are 
practically no pale scales on the wings, as are present, to the contrary, on the wings 
of vigilax. The pale abdominal bands hardly show the bilobed condition, as de- 
scribed for typical vexans females. The larva of vexans has been figured by a num- 
ber of authors and is readily separable from other species known from New Cale- 
donia, etc,, by the two distal scales of the pecten being rather larger and isolated 
(Fig. 8). The anal gills are long and pointed. 

Aedes (Ochlerotatus) vigilax (Skuse) 

Culex vigilax Skuse, Proc. Linn. Soc, N.S.W,, (2) III, p. 1731, 1889. 
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Fig. 7. A — A((h's vigilax, female, proboscis, from above. La Foa, New Caledonia. B — 
Acdrs vexana, female, proboscis, from above. Noumea, New Caledonia. 


At the time of our visit this was the most numerous and annoying of all mos- 
quitoes, biting so persistently during the daytime as to make the collecting of in- 
sects — other than its own species — along the seashore around Noumea, a very inter- 
rupted procedure. 

R. Hamlyn-Harris (20) says, on ])age 229, ''Acdes vhjUax is the chief long-dis- 
tance mosquito in Australia and it outnumbers any other pest mosquito in the coastal 
areas.^* I found it breeding in a stagnant part of a mangrove swamp at Noumea 
where it was associated with Culex sitiens and a species of chironomid fly. Buxton 
and Hopkins (4) found this species very common and troublesome both day and 
evening, June 4 and 5, 1925 at Tontouta, on the west side of New Caledonia. It is 
chiefly an outdoor species. 

The larva has very short rounded anal gills (Fig. 9, A)— a character of salt 
marsh mosquito larvae (Marshall 30, p. 52). The siphon is short, the index as 
illustrated being approximately 2 ; this is somewhat greater than that given by Wood- 
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hill and I’asfield (41) and by Cooling (5), and much greater than that given and 
figured by Brug (2) referring to Dutch-East-1 ndian mosquitoes — the siphon being 
. as long as broad . . 

Hamlyn-Harris (20, pi, vi) gives an excellent figure of the adult, which shows 
the well-banded legs and the broadly though not very sharply banded proboscis. 
There is a sprinkling of pale scales on the wings. In Taylor's check list (37) the 
distribution of tigilax is given as “Coasts of Australia, Papua, New Caledonia, 
Philippine Islands.^’ It has recently been rej)orted by Lever from Fiji (34, pp. 24 
and 25, in Paine’s “Mosquitoes of Fiji”). The wing denuded of scales and hair is 
shown in Fig. 10, and the proboscis in Fig. 7, A. 

Culcx (Culex) sitiens Wied. 

Culex sitiens Wiedemann, Aussereurop. Zweifl. Ins. (p. 543) , 1828. 

Culex sitiens, Edwards, F. W., Bull. Ent, Res., XIV, p. 394, 1924. 
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Posterior cro$$ vein 
Subcostei 



Buxton and Hopkins, Res. in Polyn. and Melan., p. 79, 1927. 

Culex jepsoni Theobald, Ent. XLIII, p. 158, 1910 (Fiji). 

MacGregor, M. E., Mosquito Surveys, pp. 167-171, 1927 (quotes Wiedemann’s 

description, etc.) 

Somewhat resembling A. vigilax hut differing from that species in having a 
strong rather narrow white band on the proboscis (Fig. 11, A) and the legs less 
conspicuously white-banded, etc. It is a night-biting, often domestic, mosquito that 
was found as.sociated with A, vigilax in the brackish water of a mangrove swamp at 

Fig. 11. CuUx sit tens, female. A- — proboscis, from above. B — end of abdomen, from 
above, Noumea, New Caledonia. 
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Noumea. Adults in the Experiment Station, H.S.P.A. collection are represented by 
one male and eleven females. The larva has a siphonal index of about 7.1 (Fig. 12, 
B) and short rounded anal gills. It is figured by Cooling (5) with the siphonal in- 
dex of 4.5-5.5. Others give the siphonal index as still shorter so that one wonders if 
the determination of this species is correct. The aedeagus is shown in Fig. 13. 

A widely distributed species. 

Culex (Culcx) quinquefasciatus Say 

Culex quinquefasciatus Say, T., Journ. Acad. Nat. Sci. Phila., HI, p. 10, 1823. 
Culex fatigans Wiedemann, Auss. Zweifl. Ins., 1, p. 10, 1828. 

Culex quinquefasciatus, Dyar, H. G., The mosquitoes of the Americas, Carne- 
gie Insti. of Washington, 1928 (pp. 380-383). 

Noumea and St. Louis; larvae, Noumea; in tank in garden. Oua Tom; stag- 
nant pool. 

The siphonal index (Fig. 14) of this widely distributed night sj^ecies varies from 
3.4 to 6.5 (Woodhill and Pasfield 41, p. 212). 



qevtreit 
Qivsh 


Culex (Neoculex) pseudomelanoconia Theobald 

Culex pseudomelanoconia Theobald, F. V., Mon. Cul. IV, p. 416, 1907, 

Five females bred from larvae in small rock pools of Ba-Houailou stream, just 
below the teautiful falls and pool. The larva has a very slender anal siphon and 
rather long dagger-like anal gills (Fig. 12, A). 

A small dark, nearly concolorous species described from South Queensland, 
Australia. Apparently the first record for New Caledonia* 
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Although sooner or later the malarial mosquito Anopheles (Mysomyia) punctu- 
lotus Donitz may be found in New Caledonia, I am unable to discover, at the time of 
this writing, any evidence of its presence there. 

The presence or absence of Anopheles in New Caledonia has been the subject of 
some discussion, and the reader is referred to Taylor (37), Buxton (2a, p. 84), 
Neveu-Lemaire (33, pp. 1197 and 1198), Zimmerman (42, pp. 296 and 297), Mum- 
ford (32) and Lever (25 and 27). 


SiMULlDAE 
(Black Flies) 

These are small thickset and usually dark-colored flies with broad wings, the 
veins of which are strongly developed only towards the anterior or costal border. 
They ])reed in streams, requiring rapidly running water for their early stages. Some 
are great pests often occurring in enormous numbers, and their bites are very irri- 
tating. They range well out in the Pacific, occurring in Fiji, the Marquesas and 
Society Islands, though not occurring in Samoa and the Hawaiian Islands. 

The writer found a few specimens cf an unidentified species, less than two milli- 
meters long, and apparently a new record for New Caledonia. A note on this fly 
reads as follows : “Yalioue Valley, .Vugust 29, 1940: While seated in the forest sort- 
ing out a catch of insects, some Siundium flies alighted on my leather jacket and 
made as if to l)ite it, mistaking it perhaps for the skin of some large quadruped.” 
One or two other sj)ecimens were taken on a mountain height known as Dzumao, 
farther inland from Noumea. These flies were not troublesome. 

Species of Siniulidae, however, are known to be intermediate hosts for certain 
diseases of man and other animals (Herms 22, pj). 140-142). 

Tabanidae 
( Horseflies) 

.Several species of these large flies are found in New Caledonia. They seemed 
to l)e coming into season in late October and in November. Tabanus rubricallosus 
Ricardo (Fig. 15), j4-inch long and largely greiyish was fairly common about the 
beaches of the Isle of J^ines, at the time of our visit there in late October 1940. 

Horseflies are often if not usually vicious biters, attacking man, horses, cattle 
and otlier domestic animals. Certain si)ecies are sometimes involved in the distribu- 
tion of anthrax among cattle and shee]) and of surra among horses. (See Essig, 21, 
p. 767, and Edwards, Oldroyd and Smart 16, pp. 75-76.) (9n the Isle of Pines, New 
Caledonia, an outbreak of malignant pustules on cattle w^as suspected of having been 
transmitted by Pangonia ncocaledonica Megnin (Tabanidae), and by the ordinary 
stable fly Sionioxys calciirans (L.). (See Megnin and Germain, 31.) 

The larvae of Tabanidae are mainly aquatic, subaquatic, or living in damp soil ; 
they are often found in mud along the edges of ponds and marshes, not excepting 
salt marshes, some species occurring among seaweed and in the moist sea beach sand 
or mud. 

It is easy to see that certain tabanid flies once introduced, would find suitable 
breeding places in the lowlands of the Hawaiian Islands. 
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Fig. 15. A horsefly (Tabanus mhrwallosus) from the Isle of Pines. Length of body 13 mm. 
Photo by W. Twigg-Srnith. 

Muscidae 
( Houseflies, Etc. ) 

Muse a vicina Macq. 

Noumea and Isle of Pines. Not particularly abundant. 

The vertex is narrower than in M. domestka (see Patton, 1931, II, pp. 595-596). 
Stomoxys calcitrans (L.) 

The familiar stable fly; Noumea. 

I saw no horn flies (Lyperosia), a serious pest of horses and cattle in many 
countries. 


Hippoboscidae 
(Louse Flies, Flat Flies) 

Hippobosca equina L. 

This flat leathery fly is a pest on horses and cattle, usually preferring the for- 
itier. It may congregate in large numbers on its host, particularly where the skin 
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is thinnest and less hairy, as between the hind legs near the tail. It clings very firmly 
and is dislodged with difficulty. 

This fly is viviparous, the egg hatching within the body of the female and devel- 
oping there until full-grown when it is extruded to pupate immediately. It is com- 
mon in many parts of the Old World. At present H. equina is known in Oceania, 
from New Caledonia, Loyalty Islands, Fiji, and New Hebrides only (Bequaert 1, 
p. 258). The writer secured this fly on a horse at Noumea and on a colt on the Isle 
of Pines. 

For further literature relating to this fly see Buxton and Hopkins (4, pp. 56-57), 
and Edwards, Oldroyd and Smart (16, pp. 122-139). 
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The Synthesis of Sucrose in the Sugar Cane Plant — III 

The effects of specific inhibitors upon the interconversion of glucose 
and fructose and the formation of sucrose in detached blades 
of the sugar cane plant 


By Constance E. Hartt 
1. The use of specific inhibitors: 

The studies presented herein were undertaken for the purpose of learning some- 
thing of the system whereby sucrose is synthesized in the plant. For this purpose 
many chemicals have lieen used, which have been found by other workers to be more 
or less specific inhibitors of physiological processes. Many investigators have used 
chemicals considered to be siiecific inhibitors of ])hysiological processes as tools for 
elucidating the mechanism of reactions in plants and animals. One of the objec- 
tions to the method is that the inhibitor may after all not l>e specific. The justifi- 
cation of applying the results obtained in studies with one organism to investigations 
with another organism may also be questioned. In the study reported herein, no 
attempt has been made to prove the specificity of a given poison for a given reaction 
or type of reactions. The evidence has l)een taken entirely from the literature and 
without exception has come from organisms other than sugar cane. This should be 
understood at the start, as our aim is not to present definite proof, but to build up 
a picture of a possible mechanism of the formation of sucrose. 

If a poison which is known to inhibit a certain enzyme reaction has no eflFect 
ui)on synthesis, then we may conclude that that particular enzyme reaction does not 
form part of the mechanism of synthesis. If a poison which is known to inhibit a 
certain enzyme reaction increases synthesis, then it is possible that that particular 
reaction constitutes a competitor for glucose, i.c., it uses up the glucose which might 
otherwise have formed sucrose. But if a ])oison which is known to inhibit a certain 
enzyme reaction decreases synthesis, then it is possible that the enzyme reaction is 
in some way a necessary ])art of the mechanism of synthesis. Of course another 
possibility remains, that in addition to its known effect the poison in question may 
also exert other as yet unknown effects. 

The aim is therefore to build up a picture of the effects of poisons, in an attempt 
to formulate a theory of the mechanism of synthesis of sucrose. Such a theory 
would then have to be tested by other means. 

Since studies reported in the first two parts of this paper indicated that aeration 
and phosphate are essential for interconversion and synthesis, the poisons used in 
this investigation have been chiefly chemicals known to inhibit steps in the respira- 
tory processes and in phosphorylation. The following is a list of inhibitors dis- 
cussed in this report : cyanide, pyrophosphate, azide, 8-hydroxyquinoline, iodoacetic 
acid, arsenit|, selenite, fluoride, malonate, acenaphthene, chloroform, dinitrophenol, 
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ethyl alcohol, histidine, phloridzin, quinine, urethane, brilliant alizarine blue, rosin- 
duline GG, iodine, silver nitrate, copper sulphate, sodium diethyldithiocarbamate, 
potassium ferricyanide, thymol, sodium pentachlorophenate, and sodium chlorate. 

All of the experiments recorded herein were conducted with blades detached 
from the plant. 

Because inhibiting the formation of fructose diphosphate inhibits the formation 
of sucrose, whereas inhibiting the breakdown of fructose diphosphate increases 
synthesis, we are led to conclude that fructose diphosphate is a stepping stone in 
the formation of sucrose by the sugar cane plant. 

2. Cyanide: 

Cyanide is perhaps the best known of the respiratory inhibitors. The effects 
of cyanide have been reviewed by Commoner (9),* Elvelijem (23), Oppenheimer 
(67), and others. Cyanide forms a complex with ferric iron preventing its reduc- 
^ tion to ferrous iron. Since the interchange between ferric and ferrous iron is the 
essential feature of the action of many of the respiratory catalysts, a large |)art of 
the respiration of both plants and animals is sensitive to cyanide. The following 
enzymes are partially or completely inhibited by cyanide : Warburg’s Atmungsfer- 
ment (= cytochrome oxidase = indophenol oxidase = pheohemin), peroxidases, 
catalase, uricase, ascorbic acid oxidase, tyrosinase, dopa oxidase, orthopbenol oxi- 
dase, xanthine dehydrogenase, and probably others. Some types of dihydroxy- 
maleic acid oxidase are inhibited by cyanide, according to Boswell and Whiting (6). 
That part of respiration involving the yellow enzyme and triphosphopyridine nucleo- 
tide is cyanide-stable. Respiration is inhibited by M CN, and fermentation by 
10~2 M, according to Oppenheimer. Dixon and Elliott (19) stated that M/1000 
CN gave maximum inhibition of respiration of animal tissues. Leloir and Dixon 

(50) used M/500 CN in their study of dehydrogenases. Commoner found that 
the percentage of inhibition of respiration of baker’s yeast by a given concentration 
of cyanide is greater in the presence of sugar than in its absence. Leloir and Dixon 
found that cyanide significantly increased the activity of hexose diphosphate dehy- 
drogenase, an effect which they attributed to the presence of traces of heavy metals. 
Hexokinase, the enzyme which catalyzes the transfer of phosphate from adenosine 
triphosphate to glucose, is unaffected by cyanide, according to C^se (8). Leonard 

(51) found that corn blades given 0.001-1.0% KCN or NaCN showed equal syn- 
thesis of sucrose from glucose. 

Several tests have been conducted in which blades of sugar cane were supplied 
with cyanide along with glucose, fructose, or both. The results of one experiment, 
in which 0.049 gms. NaCN per liter were used, are reported in Table L The gains 
in sugars and the synthetic efficiencies are shown in Table II. It is evident that 

* Numbers iu parentheses refer to literature citations at the end of the fourth part of this 
paper. 
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TABLE I 


MOISTURE AND SUGAR PERCENTAGES IN BLADES SUPPLIED WITH GLUCOSE, 
FRUCTOSE, OR BOTH, WITH AND WITHOUT 0.049 GMS, NaCN PER LITER, FOR 
24 HOURS 


Series 

Moisture 

Reducing sugars 

Sucrose 

Total sugars 

Initial control 

09.64-+-O.O57 

0.638±0.008 

2.459±0.018 

3.126±0.010 

Water 

70.00-4-0.081 

0.302±0.017 

2.247±0.033 

2.668±0.018 

NaON 

69.20-4-0.076 

0.476±0.032 

1.746±0.009 

2.31S±0.022 

Glucose 

69.05-4-0.052 

0.817± 0.019 4.288±0.010 

5.332±0.009 

Fructose 

68.92±0.067 

0.924± 0.001 

4.541±0.022 

5.705±0.023 

Both 

69.66± 0.048 

1.096±0.024 

4.199±0.021 

6.516±0.001 

Glucose 4- NaCN 

67.28±0.071 

0.828 

3.987 

5.025 

Fructose + NaCN 

66.51±0.019 

0.875±0.001 

4.061±0.013 

5.149±0.004 

Both -f- NaCN 

67.87±0.019 

0.917±0.018 

3.977±0.002 

5.104±0.021 


TABLE II 

GAINS IN SUGARS AND SYNTHETIC EFFICIENCY OF BLADES SUPPLIED WITH 
GLUCOSE, FRUCTOSE, OR BOTH, WITH AND WITHOUT 0.049 GMS. NaCN PER 
LITER, FOR 24 HOURS, CALCULATED FROM TABLE I 



Gain in 

Gain in 

Synthetic 

Series 

total sugars 

sucrose 

efficiency 

Water 

—0.458 

—0.212 

0 

NaCN • 

—0.813 

—0.713 

0 

Glucose 

2.206 

1.829 

82.91 

Fructose 

2.579 

2.082 

80.72 

Both 

2.390 

1 . 740 

72.80 

Glucose -f- NaCN 

1.899 

1.528 

80.46 

Fructose 4- NaCN 

2.023 

1.602 

78.84 

Both 4- NaCN 

1.978 

1.518 

76.74 


cyanide did not inhibit the synthesis of sucrose. When weaker concentrations of 
cyanide were used (5-25 p.p.in. NaCN) the synthetic efficiency was generally in- 
creased a little, but in a few tests there was a slight decrease. For example, in one 
test the synthetic efficiencies were as follows: with glucose, 75.34; with glucose + 
5 p.p.m. NaCN, 77.89; with glucose + 10 p.p.m. NaCN, 73.00; and with glucose 
+ 25 p.p.m. NaCN, 81.33. The percentages of fructose and glucose in the blades 
supplied with 0.049 gms. NaCN per liter are presented in Table I IT, which shows 
no evidence of inhibition of interconversion of glucose and fructose. 

TABLE III 

FRUCTOSE AND GLUCOSE PERCENTAGES IN BLADES SUPPLIED WITH GLU- 
COSE, FRUCTOSE, OR BOTH, WITH AND WITHOUT 0.049 GMS. NaCN PER LITER, 
FOR 24 HOURS 


Series 

Fructose 

Glucose 

Intial control 

0 

0.538± 0.008 

Water 

0.149±0.071 

0.183±0.039 

NaCN 

0.407±0.012 

0.068±0.020 

Glucose 

0.606±0.016 

0.211±0.036 

Fructose 

0.527it0.027 

a.397±0.017 

Both 

0.672±0.027 

0.423±0.002 

Glucose 4- NaCN 

0.510±0.011 

0.329 

Fructose + NaCN 

0.531±0.124 

0.344±0.003 

Both 4-NaCN 

0.578±0.171 

0.339 ±0.025 
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It is evident from these results that cyanide inhibited neither the interconversion 
of glucose and fructose nor the formation of sucrose. Yet the cyanide was strong 
enough to inhibit the cyanide-sensitive respiratory processes. It would appear that 
the Warburg-Keilin system of oxidase and the cytochrome complex is not an essen- 
tial component of the mechanism of synthesis of sucrose. 

J. Pyrophosphate: 

Pyrophosphate inhibits reactions catalyzed by iron or copper. However, it does 
not inhibit cytochrome oxidase. It has no effect on the respiration of baker’s yeast. 
Leloir and Dixon (50) found that pyrophosphate strongly inhibits succinic dehy- 
drogenase, but does not inhibit any other dehydrogenase studied. Dixon and Elliott 
(19) found that 0.01 M pyrophosphate inhibited the respiration of liver 30-70 per 
cent. The action of pyrophosphate has been studied chiefly with animal tissues, and 
no paper dealing with the effect of pyrophosphate upon the respiration of higher 
plants has come to the attention of the author. The effects of pyrophosphate have 
been reviewed by Elvehjem (23) and Oppenheimer (67). 

The effect of pyrophosphate upon the formation of sucrose from glucose was 
studied in blades supplied with 8 grams sodium pyrophosphate per liter, and the 
results are recorded in Table IV. The gains in sugars and the synthetic efficiencies 
are presented in Table V. The percentages of fructose and glucose are reported in 
Table VI. Pyrophosphate did not inhibit either the conversion of glucose to fruc- 
tose or the formation of sucrose. This finding indicates that the reactions catalyzed 
by iron or copper do not take part in interconversion or synthesis. Since succinic 
dehydrogenase is inhibited by pyrophf)sphate, and synthesis is not, succinic dehydro- 
genase is not essential for the synthesis of sucrose. 

TABLE IV 

MOISTIXBE AND SUGAR PERCENTAGES IN BLADES SUPPLIED WITH GLUCOSE 

WITH AND WITHOUT 8 GRAMS Na4P2O7.10 HgO PER LITER, FOR 24 HOURS 


Series Moisture Reducing sugars Sucrose Total sugars 

Initial control 68.24±0.029 0.884±0.009 2.686±0.008 3.606±0.019 

Glucose 69,32±0.005 1.773±0.007 6.463±0.014 8.666±0.022 


Glucose -h pyrophosphate . . . 69.37±0.300 1.458±0.011 6.868±0.029 7.634±0.042 

TABLE V 

GAINS IN SUGARS AND SYNTHETIC EFFICIENCY OF BLADES SUPPLIED WITH 
GLUCOSE WITH AND WITHOUT 8 GRAMS Na^PaOi-lOHaO PER LITER, FOR 24 
HOURS, CALCULATED FROM TABLE IV 


Gain in Gain in Synthetic 

Series total sugars sucrose efficiency 

Glucose 4.960 3.868 77.98 

Glucose -f pyrophosphate 4.028 3.281 81.45 


TABLE VI 

FRUCTOSE AND GLUCOSE PERCENTAGES IN BLADES SUPPLIED WITH GLU- 
COSE WITH AND WITHOUT 8 GRAMS Na4p2O7.10H2O PER LITER, FOR 24 HOURS 


Gain in Gain in 

Series Fructose fructose Glucose glucose 

Initial control 0.814±:0.029 0.070± 0.020 

Glucose 1.197±0.019 0.383 0.676±0.026 0.506 

Glueose 4* pyrophosphate 1.027±0.008 0.213 0.481±0.003 0.361 
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4, Azide: 

Sodium azide (Na N 3 ) slightly accelerates alpha-phosphoglycerol dehydrogen- 
ase, according to Elvehjem (23). Sodium azide is a very strong inhibitor of catal- 
ase prepared from horse liver. Keilin and Hartree (43) state that azide stabilizes i 
the reduced intermediate compound and thus inhibits the catalase reaction. It also 
inhibits the respiration of yeast. Oppenheimer (67) states that azide reversibly 
inhibits catalase and also inhibits peroxidase, indophenol oxidase and phenolase. 
Keilin and Hartree used 0.001 gram sodium azide for 2 cc. strong catalase solution. 

The eflfect of sodium azide upon sugar transformations in cane blades was 
studied using the same strength of azide used by Keilin and Hartree. The results 
are presented in Table VII. The gains in sugars and the synthetic efficiencies are 
reported in Table VIII. The percentages of fructose and glucose are recorded in 
Table IX. Sodium azide did not prevent either the conversion of glucose to fruc- 

TABLE VII 

MOISTURE AND SUGAR PERCENTAGES IN BLADES SUPPLIED WITH GLUCOSE 
WITH AND WITHOUT 0.05 GRAMS NaN;j PER LITER, FOR 24 HOURS 


Series Moisture Reducing sugars Sucrose Total sugars 

Initial control 66.02±0.024 0.666±0.029 2.824±0.000 3.529±0.004 

Water 67.88±0.019 0.571±0.007 2.437±0.015 3.137±0.023 

NaN;i 67.57±0.0r)2 0.488±0.015 2.367±0.02I 2.980±0.038 

Glucose . . . ! 66.66±0.057 0.749±0.008 4.268±0.016 5.242±0.008 

Glucose + NaNa 66.96±0.0I9 0.997±0.003 4.770±0.013 6.019±0.017 


TABLE VIII 


GAINS IN SUGARS AND SYNTHETIC EFFICIENCY OF BLADES SUPPLIED WITH 
GLUCOSE WITH AND WITHOUT 0.05 GM. NaN;i PER LITER, FOR 24 HOURS, 
CALCULATED FROM TABLE VII 




Gain in 

Gain in 

Synthetic 

Series 


total sugars sucrose 

efficiency 

Water 


—0.392 

—0.387 


NaN-i 


—0.549 

—0.457 


Glucose . . . . 


1.713 

1.444 

84.29 

Glucose -f NaN 3 

2.490 

1.946 

78.15 



TABLE IX 



FRUCTOSE AND 

GLUCOSE 

PERCENTAGES IN 

BLADES SUPPLIED 

WITH GLU 

COSE WITH 

AND WITHOUT 0.05 GM. NaNs 

PER LITER, FOR 24 

HOURS 




Gain in 

Gain in 

Series 


Fructose 

fructose Glucose 

glucose 

Initial control . . , 


0.144-^0.000 

0.412±0.004 

Water 


0.301 -+-0.001 

0.157 0.270±0.005 —0.142 

NaNa 


0.304-t- 0.000 

0.160 0.184±0.015 —0.228 

Glucose 


0.282-1-0.002 

0.138 0.467±0.009 0.055 

Glucose -j- NaN 3 


O.SOS-hO.OOO 

0.249 0.603±0.006 0.191 


tose or the formation of sucrose, although it did decrease the synthetic efficiency 
a little. Catalase, peroxidase, indophenol oxidase and phenolase probably play no 
important ixirt in either interconversion or synthesis. 

5. 8-hydroxyquinoUne : 

This is a copper poison and inhibits the action of enzymes containing or depend- 
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ing on copper. Elvehjem (23) states that polyphenolases, potato oxidase, phenol 
oxidase, laccase, catechol oxidase, and tyrosinase are all copper proteinates. Rama- 
sarma (72) says that it also inhibits ascorbic acid oxidase. 

Blades were supplied with glucose with and without 8-hydroxyquinoline (25 
p.p.m, ) for 24 hours, and the results are presented in Table X. The gains in sugars 
and the synthetic efficiencies are reported in Table XI. The percentages of fruc- 
tose and glucose are recorded in Table XII. These results show that 25 p.p.m. 8- 

TABLE X 

MOI8TUEE AND SUGAR PERCENTAGES IN BLADES SUPPLIED WITH GLUCOSE 
WITH AND WITHOUT 25 P.P.M. 8-HYDROXYQUINOLINE, FOR 24 HOURS 


Series Moisture Reducing sugars Sucrose Total sugars 

Initial control 70.65±0.019 0.603±0.019 1.944±0.008 2.649±0.010 

Glucose 70.74±0.038 1.206±0.018 5.133±0.006 6.6ia±0.011 


Glucose 8-hydroxyquinoliiie 70.19±0.000 1.175±0.000 4.911±0.005 6.344±0.005 

TABLE XI 

GAINS IN SUGARS AND SYNTHETIC EFFICIENCY OP BLADES SUPPLIED WITH 
GLUCOSE WITH AND WITHOUT 25 P.P.M. 8-HYDROXYQUINOLINE, FOR 24 
HOURS, CALCULATED FROM TABLE X 


Gain in Gain in Synthetic 

Series total sugars sucrose efficiency 

Glucose 3.961 3.189 80.50 " 


Glucose -f 8-hydroxyquinolirie 3.695 2.967 80.29 


TABLE XII 

FRUCTOSE AND GLUCOSE PERCENTAGES IN BLADES SUPPLIED WITH GLU- 
COSE WITH AND WITHOUT 25 P.P.M. 8-HYDROXYQUINOLINE, FOR 24 HOURS 


Series 

Fructose 

Gain in 
fructose 

Glucose 

Gain in 
glucose 

Initial control 

Glucose 

. . 0.873±0.009 

. . 0.490±0.006 

—0.383 

D 

0.716±0.024 

0.716 

Glucose -|- 8-liydroxyquinolinc . . . 

. . 0,768±0.012 

—0.105 

0.406±0.012 

0.406 


hydroxyquinoline did not inhibit either the conversion of glucose to fructose or the 
formation of sucrose, which indicates that the oxidases mentioned in the preceding 
paragraph are not essential for conversion or synthesis. 

The results with cyanide, pyrophosphate, azide, and 8-hydroxyquinoline agree 
in showing that the oxidases, peroxidases, and catalase are not required, either di- 
rectly or indirectly, for the conversion of glucose to fructose or for the synthesis 
of sucrose. 

6. lodoacetate: 

The statement is sometimes made that iodoacetate inhibits fermentation but not 
respiration. This is not strictly true, as both time and concentration must be con- 
sidered. Turner (80) states that iodoacetate acts more quickly on fermentation 
than on respiration. He also states that probably any concentration of iodoacetate 
which inhibits fermentation will in time also decrease respiration. Data regarding 
the effect of concentration of iodoacetate upon respiration and fermentation are 
snintmrked in Table XIII, which shows that strong iodoacetate inhibits both fer- 
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TABLE XIII 


SUMMARY OF DATA REGARDING EFI^CT OF CONCENTRATION OF lODOACETATE 
UPON RESPIRATION AND FERMENTATION 


Concentration 

General effect 

Author 

.01 M 

inhibits aldehyde, succinic, lactic, glycerophos- 
phate, fumaric, alcohol and triosephosphate 
dehydrogenases, and aldehyde mutase 

Elvehjem (23) 

.01 M-.002 M 

inhibits both fermentation and respiration 

Nilson (80) 

.005 M 

inhibits hexokinase almpst completely 

Iri (40) 

.002 M 

inhibits hexokinase incompletely 

Iri (40) 

.00108 M 

inhibits fermentation but only slightly depresses 



respiration 

Turner (80) 

.001 M 

inhibits fermentation in carrot and yeast 

Turner (81) 

.001 M 

inhibits fermentation and decreases respiration 50% 

Engelhard! (25) 

.001 M 

inhibits fermentation 

Elvehjem (23) 

<.001 M 

specifically inhibits alcohol dehydrogenase and 



triosephosphate dehydrogenase 

Dixon (18) 

.0001 M 

only fermentation inhibited 

Nilson (80) 

c .001 M-.OOOl M 

inhibits only fermentation and maintains respiration 

Barker (3) 


mentation and respiration, but that very weak iodoacetate inhibits only fermentation. 

To find the effect of iodoacetate upon sugar conversions in cane blades an expe- 
riment was conducted using 0.0001 M iodoacetate to inhibit only fermentation and 
0.01 M iodoacetate to inhibit both fermentation and respiration. The iodoacetic acid 
was dissolved in alcohol and neutralized with sodium hydroxide. The results are 
presented in Table XIV". The gains in sugars and the synthetic efficiencies are 
recorded in Table XV, The fructose and glucose i)ercentages are reported in Table 
X VI. The weak iodoacetate did not inhibit either the conversion of glucose to fruc- 


TABLE XIV 

MOISTURE AND SUGAR PERCENTAGES IN BLADES SUPPLIED WITH GLUCOSE 
WITH AND WITHOUT 0.0001 M AND 0.01 M lODOACETATE, FOR 24 HOURS 


Series 

Moisture Reducing sugars 

Sucrose 

Total sugars 

Initial control 

. 68.56±0.029 0.737di0.013 

2.720±0.008 

3.600±0.005 

Glucose 

69.87±:0.000 1.228±0.037 

4.937±0.058 

6.426±:0.024 

Glucose .0001 M lAA . . . 

. 67.60±0.000 1.055±0.004 

4.876±0.025 

6.188±0.022 

Glucose -f- .01 M lAA 

69.43±0.014 3.097zt0.012 

2.726±0.021 

5.9€6±0.034 


TABLE XV 



GAINS IN SUGARS AND 

SYNTHETIC EFFICIENCY OF 

BLADES SUPPLIED WITH 

GLUCOSE WITH AND 

WITHOUT 0.0001 M AND 0.01 

M iodoacetate, for 24 

HOURS, CALCULATED 

FROM TABI.E XIV 




G.ain in 

Gain in 

Synthetic 

Series 

total sugars 

sucrose 

efficiency 

Glucose 

2.826 

2.217 

78.45 

Glucose + .0001 M lAA 2.588 

2.156 

83.30 

Glucose + .01 M lAA 

2.366 

0.006 

0 


TABLE XVI 




FRUCTOSE AND GLUCOSE PERCENTAGES IN BLADES SUPPLIED WITH GLU- 
COSE WITH AND WITHOUT 0.001 M AND 0.01 M lODOACETATE, FOR 24 HOURS 


Gain in Gain in 

Series Fructose fructose Glucose glucose 

Initial control 0,663±:0.008 0.073±:0.021 

Glucose 0.462±0.008 —0.201 0.766±0.029 0.693 

Glucose + .0001 M lAA 0.738±0.058 0.075 0.317i:0.054 0.244 

Glucose -f- .01 M lAA 0.701±:0.005 0.038 2.396±0.007 2.323 
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tose or the formation of sucrose; in fact there was a slight increase in synthetic 
efficiency in the presence of weak iodoacetate. Strong iodoacetate, however, com- 
pletely inhibited the formation of sucrose. The large accumulation of glucose in 
the presence of strong iodoacetate, accounting almost entirely for the gain in total 
sugars, showed that iodoacetate prevented the conversion of glucose to fructose. 

The effect of strong iodoacetate was then studied using glucose, fructose, and 
both of the sugars. The results are shown in Table XVII. The gains in sugars 
and the synthetic efficiencies are recorded in Table XVIII. The percentages of 
fructose and glucose are presented in Table XIX. The synthetic efficiency of 9.60, 
shown in Table XVIII, where the blades were supplied with both glucose and fruc- 

TABLE XVII 


MOISTURE AND SUGAR PERCENTAGES IN BLADES SUPPLIED WITH GLUCOSE 
OR FRUCTOSE WITH AND WITHOUT .01 M IODOACETATE, FOR 24 HOURS 


Series 

Moisture 

Reducing sugars 

Sucrose 

Total sugars 

Initial control 

70.02±0.067 

0.8(>6±0.001 

2.430±0.005 

3.364±0.007 

Glucose 

71.66±0.062 

1.599± 0.021 

4.883±0.011 

6.739±0.032 

Fructose 

70.74±0.005 

1.547±0.019 

4.662±0.037 

6.455±0.020 

Both 

70.21±0.019 

1.388 dto.oia 

4.790±0.039 

6.431 ±0.029 

Glucose + .01 M IAA 

71.00±0.033 

3.248± 0.002 

2.497± 0.069 

5.877± 0.071 

Fructose -f .01 M IAA 

70.41±0.005 

2.609± 0.010 

2.609±0.014 

5.250±0.004 

Both + .01 M IAA 

69.16±0.009 

2.893± 0.023 

2.663±0.056 

•6.686± 0.082 


TABLE XVIII 



GAINS IN SUGARS AND SYNTHETIC EFFICIENCY OF 

BLADES SUPPLIED WITH 

GLUCOSE OR FRUCTOSE 

WITH AND 

WITHOUT .01 

M IODOACETATE, FOR 24 

HOURS, CALCULATED FROM TABLE 

XVII 





Gain in 

Gain in 

Synthetic 

Series 

total sugars 

sucrose 

efficiency 

Glucose 


3.375 

2.453 

72.68 

Fructose 


3.091 

2.232 

72 . 20 

Both 


3.067 

2.360 

76.94 

Glucose -f .01 M IAA . . 


2.513 

0.067 

0 

Fructose .01 M IAA . 


1.886 

0.079 

0 

Both -f .01 M IAA 


2.321 

0.223 

9.60 


TABLE XIX 

FRUCTOSE AND GLUCOSE PERCENTAGES IN BLADES SUPPLIED WITH GLU- 
COSE OR FRUCTOSE WITH AND WITHOUT .01 M IODOACETATE, FOR 24 HOURS 


Series 

Fructose 

Gain in 
fructose 

Glucose 

Gain in 
glucose 

Initial control 

Glucose 

0.294±0.006 

0.726-*-0.079 

0.432 

0^11±0.005 

0.873±0.058 

0.362 

Fructose 

1.036±0.025 

0.741 

0.612±0.043 

0.001 

Both 

0.886±0.060 

0.591 

0.603±0.047 

—0.008 

Glucose -|- .01 M IAA 

0.813±0.090 

0.519 

2.434± 0.002 

1.923 

Fructose -f .01 M IAA 

2.076±0.057 

1.782 

0.63S±0.067 

0.022 

Both + .01 M IAA 

1.660±0.049 

1.366 

1.232±0.025 

0.721 


tose in the presence of .01 M iodoacetate is not significant, because the gain in su- 
crose (0*223) was not significant. These results demonstrate the complete inhibi- 
t 0 iy effect of strong iodoacetate upon synthesis of sucrose, in blades supplied with 
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glucose, fructose, or both. Glucose accumulated in the blades supplied with glucose, 
and fructose accumulated in the blades supplied with fructose, indicating that strongs 
iodoacetate inhibits the interconversion of glucose and fructose. However, some- 
thing more than just interconversion was inhibited by iodoacetate, for the synthesis 
of sucrose was inhibited even when both glucose and fructose were supjdied. 

The factor involved in the inhibition of interconversion and synthesis by strong 
iodoacetate might be one of the dehydrogenases listed in Table XIII, but not suc- 
cinic dehydrogenase for that is inhibited by pyrophosphate and sodium diethyldi- 
thiocarbamate, neither of which inhibits interconversion or synthesis, as shown in 
this report. The factor involved might be hexokinase, which catalyzes the transfer ^ 
of ])hosphate from adenosine triphos])hate to glucose. 

7. Arsenite: 

Arsenite is a potent inhibitor of respiratory processes. Szent-Gydrgyi (78) 
stated that alcoholic fermentation in yeast is practically unaffected by 0.057 M ar- 
senite, a concentration which almost completely inhibits oxygen uptake. Therefore 
he said that arsenite makes possible a separation of respiration and fermentation by 
inhibiting respiration. Indophenol oxidase of liver was quite insensitive to a high 
concentration of arsenite (0.01 M), indicating that arsenite has no effect on oxygen 
activation.* Arsenite had little effect on hydrogen activation either, according to 
Szent-Gyorgyi. Pillai (69) stated that arsenic activated the breakdown of hexose 
diphosphate in muscle extract, and Harden (60) found that it accelerated fermen- 
tation in yeast extract by quicker splitting of fructose diphosphate. Elvehjem (23) 
said tliat succinic acid dehydrogenase is almost completely inhibited by arsenite, and 
Olipenheimer (67) stated that arsenic inhibits the enzyme which attacks ketoglu- 
taric acid and blocks the citric acid cycle at that level. Dixon (18) reported that 
the reaction, triose phosphate phosphoglyceric acid is coupled with the synthesis 
of adenyli)yrophosphate from inorganic phosphate and adenylic acid. This cou- 
jdiiig is broken by arsenic. Since adenyljnTophosphate (= adenosinetriphosphate = 
cophosphorylase) is required both for the ])hosphorylation of glucose and for the 
formation of fructose diphosphate from fructose monophosphate, this adds two 
more steps in intermediate carbohydrate metabolism which may be inhil)ited by 
arsenic. 

Several concentrations of sodium arsenite have ])een used in tests with cane 
blades. The effect of arsenite u{)on the formation of sucrose from glucose is shown 
in Table XX. The gains in sugars and the synthetic efficiencies are presented in 
Table XXI. The ])ercentages of fructose and glucose are reported in Table XX 1 1. 

TABLE XX 

MOISTURE AND SUGAR PERCENTAGES IN BLADES SUPPLIED WITH GLUCOSE 
WITH AND WITHOUT SODIUM ARSENITE (5 P.P.M.^100 P.P.M. As) FOR 24 HOURS 


Series Moisture Reducing sugars Sucrose Total sugars 

Initial control 73.42±0.04a 1.135±0.005 1.849±0.008 3.082±0.013 

Glucose 73.11±0.005 2.030±0.011 6.861±:0.018 8.189±0.007 

Glucose 4-5 p.p.m. As 72.23±0.071 2.466±0.017 5,642±0.002 8.406±0.019 

Glucose 4- 25 p.p.m. As 71.86±0.143 4.433±0.032 3.278±0.022 7.884±0.009 

Glucose 4- 100 p.p.m. As .... 71.60±0.172 6.161±0.0(i0 1.837±0.020 8.084±0.038 



TABLE XXI 


GAINS IN SUGAES AND SYNTHETIC EFFICIENCY OF BLADES SUPPLIED WITH 
GLUCOSE WITH AND WITHOUT SODIUM ARSENITE (5-100 P.P.M. As) FOR 24 
HOURS, CALCULATED FROM TABLE XX 


Series 

Glucose 

Glucose 4“ 5 p.p.m. As . 
Glucose + 25 p.p.m. As 
Glucose -|- 100 p.p.m. As 


Gain in 

Gain in 

Synthetic 

total sugars 

sucrose 

efficiency 

5.107 

4.002 

78.36 

5.324 

3 . 793 

71.24 

4.802 

1.429 

28 . 56 

5.002 

—0.012 

0 


TABLE XXII 


FRUCTOSE AND GLUCOSE PERCENTAGES IN BLADES SUPPLIED WITH GLU- 
COSE WITH AND WITHOUT SODIUM ARSENITE (5 P.P.M.-lOO P.P.M. As) FOR 
24 HOURS 


Series 

Initial control 

Glucose 

Glucose + 5 p,p.m. As . , 
Glucose + 25 p.p.m. As . 
Glucose 4- 100 p.p.m. As 



Gain in 


Gain in 

Fructose 

fructose 

Glucose 

glucose 

0.601±0.006 


0.534±0.011 


0.721±0.025 

0.120 

1.309±0.014 

0.775 

0.866±0.009 

0.265 

1.600±0.008 

1.066 

0.642±0.000 

0.041 

3.791±0.032 

3.257 

0.485±0.023 

—0.116 

5.665±0.037 

5.132 


It is evident that arsenite decreased the conversion of glucose to fructose and the 
formation of sucrose. One hundred p.p.m. As inhibited these processes 100 per 
cent. 

The effect of arsenite upon the formation of sucrose from fructose is shown in 
Table XXIII. The gains in sugars and the synthetic efficiencies are recorded in 
Table XXIV. The percentages of fructose and glucose are reported in Tal)le XXV. 


TABLE XXI n 


MOISTURE AND SUGAR PERCENTAGES IN BLADES SUPPLIED WITH FRUCTOSE 

WITH AND WITHOUT SODIUM AHSENITE (5 P.P.M. 

As-lOO P.P.M. As) FOR 24 

HOURS 




Series 

Moisture Reducing sugars 

Sucrose 

Total sugars 

Initial control 

74.64±0.081 0.735±0.011 

1.641±0.013 

2.368±0.002 

Fructose 

73.59±0.162 1.336±0.013 

4.640±0.008 

6.221±0.021 

Fructose 4" 5 p.p.m. As 

73.63±0.105 1.646±0.023 

4.422±0.023 

6.200±0.000 

Fructose 4“ 25 p.p.m. As .... 

74.08±0.033 2.116±0.019 

2.932^:0.008 

5.202±0.027 

Fructose 4" 100 p.p.m. As . . . 

72.60±0.091 3.741±0.013 

1.606± 0.003 

6.328±0.009 


TABLE XXIV 



GAINS IN SUGARS AND SYNTHETIC EEFICIENCY OF BI.ADES SUPPLIED WITH 

FRUCTOSE WITH AND WITHOUT SODIUM ARSENITE (5 P.P.M.- 

100 P.P.M. As) 

FOR 24 HOURS, CALCULATED PROM TABLE XXIII 




Gain in 

Gain in 

Synthetic 

Series 

total sugars 

sucrose 

efficiency 

Fructose v. 

3.863 

3.099 

80.22 

Fructose 4* 5 p.p.m. As . 

3.842 

2.881 

74.99 

IFructose 4^ 25 p.p.m. As 

2.844 

1.391 

48.91 

Fruetose 4-10^ p.p.m. As 

2.968 

-0.025 

0 
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TABLE XXV 

FRUCTOSE AND GLUCOSE PERCENTAGES IN BLADES SUPPLIED WITH FRUC- 
TOSE WITH AND WITHOUT SODIUM ARSENITE (5 P.P.M.~100 P.P.M. As) FOR 


24 HOURS 

Gain in Gain in 

Series Fructose fructose Glucose glucose 

Initial control 0.481±0.010 0.254±0.000 

Fructose 1.019±0.050 0.538 0.317±0.037 0.063 

Fructose -f 5 p.p.in. As 1.063±0.030 0.572 0.492±0.007 0.238 

Fructose + 25 p.p.rn. As 1.919±0.038 1.438 0.196±0.056 —0.059 

Fructose -f 100 p.p.rn. As 3.861±0.023 3.380 0.(M>(>±0.000 —0.254 


These results show that arsenic decreases or inhibits the formation of sucrose from 
fructose and the conversion of fructose to glucose. 

The effect of arsenite upon the formation of sucrose when both glucose and 
fructose were supplied to the blades is shown in Table XXVI. The gains in sugars 
and the synthetic efficiencies are presented in Table XXVII. The fructose and 
glucose percentages are reported in Table XXVITI. The effect of arsenite upon 


TABLE XXVI 

MOISTURE AND SUGAR PERCENTAGES IN BI.ADES SUPPLIED WITH BOTH GLU- 
(M)SE AND FRUCTOSE WITH AND WITHOUT SODIUM ARSENITE (5 P.P.M.-lOO 
1M\M, As) FOR 24 HOURS 


Series Moisture Reducing sugars Sucrose Total sugars 

Initial control 76.03±0.005 0.980±0.003 1.367±0.0I7 2.419±0.015 

Glucose 4- fructose 74.19±0.I00 1.688±().()09 4.706±0.017 6.642±0.028 

Both 4 5 p.p.rn. As 72.85±0.124 1.714±0.000 4.382±0.006 6.327±0.006 

Both 4 25 p.p.rn. As 72.33±0.043 2.783±0.030 2.493±:0.002 5.407±0.028 

Both 4 100 p.p.iu. As 72.97±0.186 4.175±0.005 1.235±0.031 5.475±0.038 


TABLE XXVII 


GAINS IN SUGARS AND SYNTHETIC EFFICIENCY OF BLADES SUPPLIED WITH 
BOTH GLUCOSE AND FRUCTOSE WITH AND WITHOUT SODIUM ARSENITE 


(5 P.P.M.~KI0 P.P.M. As) FOR 24 HOURS 


Gain in 

Series total sugars 

Glucose 4 fructose 4.226 

Both 4 o p.p.in. As 3.908 

Both 4 25 ii.p.m. As 2.988 

Both 4 300 p.p.in. As 3.056 


Gain in 
sucrose 
3.339 
3.015 
1 . 126 
—0.132 


Synthetic 

efficiency 

79.01 

77.14 

37.68 

0 


TABLE XXVIII 


FRUCTOSE AND GLUCOSE PERCENTAGES IN BLADES SUPPLIED WITH BOTH 
GLUCOSE AND FRUCTOSE WITH AND WITHOUT SODIUM ARSENITE (5 P.P.M.- 
lOO P.P.M. As) FOR 24 HOURS 


Gain in Gain in 

Series Fructose fructose Glucose glucose 

Initial control 0.831±:0.059 0.199±:0.080 

Glucose 4 fructose 1,139±:0.011 0.308 (>.549di0.020 0.350 

Both 4 5 p.p.rn. As 1.166i:0.017 0.335 0.548±0.017 0.349 

Both 4 25 p.p.rn. As 1.910±0.030 1.079 0.873±0.000 0.674 

Both 4 100 p.p.rn. As 2.399±0.027 1.568 1.776±0.032 1.577 
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the formation of sucrose when both glucose and fructose were supplied was very 
similar to the effect when glucose and fructose were supplied separately. As would 
be expected, both glucose and fructose accumulated in the presence of arsenite. 
The conclusion is drawn that arsenite inhibits both the interconversion of glu- 
cose and fructose and the formation of sucrose in blades of the sugar cane plant. 
The inhibitory effect is found with as little arsenite as 5 p.p.m. Inhibition is com- 
plete with 100 p.p.m. As. 

8. Selenite: 

y The effect of selenite was reviewed by Elvehjeni (23), who said that succinic 
acid dehydrogenase is almost completely inhibited by selenite ; 0.003 M selenite in- 
hibited the oxidation of glucose, mannose, and fructose 80 per cent, of succinate 73 
per cent, of acetate 50 per cent, and of lactate and i)yruvate less than 10 per cent. 

The effect of selenite upon the transformations of sugars was studied with 
several concentrations of sodium selenite (5-100 p.p.m. Se) and the results are 
presented in Table XXIX. The gains in sugars and the synthetic efficiencies are 
reported in Table XXX. The synthetic efficiency of 3.08 obtained with 1(X) ]).]).m. 
Se was not significant, because the gain in sucrose (0.115) was not significant. The 
percentages of fructose and glucose are reported in Table XXXI. 


TABLE XXIX 

MOISTUKE AND SUGAK PEKCENTAGES JN BLADES SU1M*LIED WITH GLU(T)SE 
WITH AND WITHOUT SODIUM SELENITE (;V100 P.P.M. Se) FOR 24 HOURS 


Series 

Initial control 

Glucose 

Glucose -j- 5 p.p.m. Se 

Glucose -h 25 p.p.m. Se 

Glucose -h 100 p.p.m. Se . . . . 


Moisture 
74.60±0.013 
73.09±0.043 
72.62±0.()71 
72.75 ±0.08() 
73.24 ±0.005 


cducinj' sugnrs 

0.785± 0.000 

1.691±0.004 

1.641±0.000 

2.328±0,012 

4.389±0.01() 


Sucrose 
1.690±0.00(> 
6.137±0.(U)9 
5.797±0.001 
3.969 ±0.002 
1.8a6± 0.027 


Total sugars 
2.564±0.007 
8.151 ±0.005 
7.743±0.004 
6.606±0.014 
6.289±0.045 


TABLE XXX 

GAINS IN SUGARS AND SYNTHETIC EFFK'IENCY OF BLADES SlTPPi;iED WITH 
GLUCOSE WITH AND WITHOUT SODIUM SELENITE (5-100 P.I\M. Se) FOR 24 
HOURS, CALCULATED FROM TABLE XXIX 


Gain ill Gain in Synthetic 

Series total sugars sucrose etTiciencA- 

Glucose 5.587 4.447 79.50 

Glucose -f 5 p.p.m. Se 5.179 4.107 79.30 

Glucose -f- 25 p.p.m. Se 3.942 2.279 57.81 

Glucose -f 100 p.p.m. Se 3.725 0.115 3 . 08 


TABLE XXXI 

FRUCTOSE AND GLUCOSE PERCENTAGES IN BLADES SUPPLIED WITH GLU- 
COSE WITH AND WITHOUT SODIUM SELENITE (5 P.P.M.-lOO P.P.M. Se) FOR 


24 HOURS 

Gain in Gain in 

Series Fructose fructose Glucose glucose 

Initial control 0.767±0.040 0.049±0.023 

Glucose L038±0*069 0.266 0.668±0.077 0.609 

Glucose -f 5 p.p.m. Se 0.784±a.000 0.017 0.857±0.007 0.808 

Glucose -f 25 |).p.m.Se 0.832±0.000 0,065 1.496±0.012 1.447 

Gluopse -f- 100 p.p.m. Se 0 —0.767 4.389±0.016 4.340 
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The effect of sodium selenite (100 p.p.m. Se) upon the formation of sucrose 
from glucose or fructose or both is shown in Table XXXII. The gains in sugars 
and the synthetic efficiencies are reported in Table XXXIII. The gains in sucrose 
in the blades supplied with fructose or both glucose and fructose were practically 
insignificant, which of course made the synthetic efficiencies calculated for those 
series also of little significance. The percentages of fructose and glucose are 
recorded in Table XXXIV. Glucose accumulated in the series supplied with glu- 

TABI.E xxxn 

MOISTURE AND SUGAR PERCENTAGES IN BLADES SUPPLIED WITH GLUCOSE 
OR FRUCTOSE WITH AND WITHOUT SODIUM SELENITE (100 P.P.M. Se) FOR 
24 HOURS 

Series Moisture Reducing sugars Sucrose Total sugars 

Initial control 66.04>±0.024 0.405±0.000 2.978±0.012 3.540±0.012 

Glucose 64.llit0.005 1.087±0.020 5.691±0.035 7.079±0.017 

Fructose 61.91±0.005 1.383±0.004 4.800±0.002 6.435±0.001 

Both 61.77±0.038 1.166±0.010 4.244±0.018 5.633±0.029 

Glucose *f 100 p.p.m. Se .... 64.59Ht0.014 2.846±0.005 2.787±0.006 5.780±0.000 

Fructose -f- 100 p.p.m. Se . . . 63.27it0.043 2.222±0.019 3.130±0.010 5.517it0.008 

Both -j- 300 p.p.m. Se 61.94±:0.110 2.540±0.016 3.254±0.028 5.966±0.014 

TABLE XXXIIl 

GAINS IN SUGARS AND SYNTHETK^ EFFICIENCY OF BLADES SUPPLIED WITH 
GLUCOSE OR FRUCTOSE WITH AND WITHOUT SODIUM SELENITE (100 P.P.M. 
Se) FOR 24 HOURS, CALUULATED FROM TABLE XXXH 


Gain in Gain in Synthetic 

Series total sugars sucrose efficiency 

Glucose 3.539 2.713 76.66 

Fructose 2.895 1.822 62.93 

Both 2.093 1.266 60.48 

Glucose + Se 2.240 —0.191 0 

Fructose + 3.977 0.352 7.68 

Both -f Se 2,426 0.276 11.37 


TABLE XXXIV 

FRUCTOSE AND GLUCOSE PERCENTAGES IN BLADES SUPPLIED WITH GLU- 
COSE OR FKUCTOSE WITH AND WITHOUT SODIUM SELENITE (100 P.P.M. Se) 
FOR 24 HOURS 


Gain in Gain in 

Series Fructose fructose Glucose glucose 

Initial control 0.146± 0.029 0.259 ±0.028 

Glucose 0.193±0,025 0.047 0.894±0.046 0.635 

Fructose 0,926±0.025 0.780 0.457±0.021 0.198 

Both 0.701±0.021 0.555 0.464±0.031 0.205 

Glucose 4- Se 0.546±0.082 0.399 2.301±0.087 2.042 

Fructose -f Se 2.060±0.072 1.914 0.177±0.084 -0.082 

Both + Se 1,496±0.051 1.350 l.a44±0.036 0.785 


cose plus selenite, while fructose accumulated in the series supplied with fructose 
plus selenite. 

It is evident that sodium selenite prevented the interconversion of glucose and 
fructose whichever sugar was supplied. Selenite also prevented the formation of 
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sucrose whichever sugar was supplied. Some process necessary for synthesis in 
addition to interconversion of glucose and fructose was also inhibited by selenite, 
for the synthesis of sucrose was inhibited when both glucose and fructose were 
supplied. 

P. Effect of arsenite and selenite on photosynthesis and sucrose synthesis: 

A comparison of the effects of arsenite and selenite upon the formation of su- 
crose in detached blades in the light supplied with water and in the dark supplied 
with glucose was undertaken, with the results shown in Tables XXXV and XXXVI. 

Table XXXV shows that the formation of sucrose was decreased considerably 
by arsenite and selenite, both in the light and in the dark. Table XXXVI shows 
that the blades supplied with glucose with arsenite or selenite in the dark accumu- 
lated glucose and lost fructose, in agreement with the results presented in Tables 
XXII, XXV, XXXI, and XXXIV. The blades in water in the light also accumu- 
lated glucose but not fructose, when given arsenite or selenite. Since blades known 
to be supplied with glucose accumulate glucose, and blades known to be supplied 
with fructose accumulate fructose, in the presence of arsenite or selenite, the results 
in Table XXXVI constitute strong evidence that the first sugar formed in photo- 
synthesis is glucose alone. 


TABLK XXXV 


MOISTURE AND SUGAR PERCENTAGES IN BLADES IN THE LIGHT WITH WATER 
AND IN THE DARK WHTH GLUCOSE, WITH AND WITHOUT SODIUM ARSENITE 
(5-100 P.F.M. As) OR 80DIUM SELENITE (5-100 P.P.M. 8e) FOR 12 HOUR8 


Series 

Moisture 

Reducing 

sugars 

Sucrose 

Gain in 
sue rose 

Total 

sugars 

Initial control . . , 

71.52±0.057 

0.974± 0.0.30 

3.652±0.040 


4.713±0.011 

Water in light 

68.11±0.07I 

1.910±0.017 

7.017±0.040 

3.4(1.") 

9.296± (1.059 

Water -f- 5 p.p.in. As. . . 

68.40±0.048 

1.684±0.020 

5.380± 0.020 

1.828 

7.247±0.000 

Water -f 25 p.p.m. As. . 

69.31±0.119 

1.486±0.009 

4.604±0.027 

1.052 

6.332±0.01S 

Water + 100 p.p.m. As. 

69.59± 0.057 

1.269±0.042 

4.231±0.005 

0.679 

5.722±0.037 

Water + 5 p.p.ia. Sc. . . 

69.63±0.124 

1.503 ±0.018 

5.707± 0,021 

2.155 

7.611±0.004 

Water + 25 p.p.in. Se. . 

68.76±0.057 

1.424±0.012 

5.786±0.021 

2.233 

7.514±0.035 

Water -j- 100 p.p.m, 8c. 

69.48 ±0.0:18 

1.411 ±0.007 

4.761±0.018 

1.199 

6.412±0.011 

Glucose in dark 

70.03±0.052 

1.248±0.012 

4.463±0.055 

0.901 

5,935±0.045 

Glucose -|- 5 p.p.m. As. . 

70.05± 0.062 

1.342±0.003 

4.36i±0.006 

0.799 

5.923±0.010 

Glucose -}- 25 p.p.m. As. 

71.15±:0.091 

1.472±0.003 

4.023±0.018 

0.471 

5.707±0,02l 

Glucose -f 100 p.p.m. As 

7O.64±O.OO0 

1.688±0.011 

3.373±0.00() 

-0.179 

6.139±().()11 

Glucose + 5 p.p.in. Se . . 

69.18± 0.029 

1.236±0.000 

4.610±0.027 

1.058 

6.089±0.029 

Glucose -}- 25 p.p.m. Se. 

68.83±0.100 

1.376±0.005 

4.322± 0.009 

0.770 

6.926±0.004 

Glucose -f* 

7A?lA-+-n IIJ. 

1 aoa->4-a non 

« nj.7-4-n oni 

n HQ;" 

R RaA^~n non 
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TABLE XXXVI 

FRUCTOSE AND GLUCOSE PERCENTAGES IN BLADES IN THE LIGHT WITH WA- 
TER AND IN THE DARK WITH GLUCOSE, WITH AND WITHOUT SODIUM 
ARSENITE (5-100 P.P.M. As) OR SODIUM SELENITE (5-100 P.P.M. Se), FOR 12 
HOURS 


Series 

Fructose 

Gain in 
fructose 

Glucose 

Gain in 
glucose 

Initial control 

Water in light 

0.798zt:0.013 

1.446-»-0.009 

0.C47 

0.175±0.043 

0.465±0.009 

0.290 

Water -|- 5 p.p.ni. As 

0.968 H- 0.024 

0.170 

0.616±0.044 

0.441 

Water -p 25 p.p.m. As 

0.761-+-0.018 

—0.037 

0.726±0.028 

0.550 

Water 100 p.p.m. As 

0.824±0.002 

0.02f) 

0.445±0.045 

0.270 

Water -|- 5 p.p.m. Sc 

0.812-t-0.050 

0.014 

0.691±0.032 

0.516 

Water -|- 25 p.p.m. Se 

0.871±0.014 

0.073 

0.553±0.027 

0.378 

Water -j- 100 p.p.m. Se 

0.758±0.011 

—0.040 

0.663±0.019 

0.478 

Glucose in dark 

0.622±0.025 

—0.276 

0.726±0.012 

0.551 

Glucose -|- 5 p.p.m. As 

0.596±0.004 

—0.202 

0.746±0.000 

0.571 

Glucose "F 25 p.p.m. As 

0.5741:0.013 

—0.224 

0.898±0.010 

0.723 

Glucose H" 100 p.p.m. As 

0.644zt0.01() 

—0.254 

1.044±0.005 

0.869 

Glucose -f 5 p.p.m. Se 

0.662±0.0a9 

—0.136 

0.574±0.039 

0.399 

Glucose -f- 25 p.i).m. Se 

0.412±0.011 

— 0.386 

0.964±0.017 

0.789 

Glucose -f- 100 p.p.m. Se 

0.295±0.014 

—0.503 

1.396±0.013 

1.220 


10, Fluoride: 

Fluoride exerts a depressing effect iii)on several steps in respiratory and fermen- 
tative processes. The effects of fluoride were summarized by Elvehjem (23), who 
stated that fluoride partially inhibits succinic acid dehydrogenase and alphaphospho- 
glyserol dehydrogenase. Fluoride also inhibits lactic dehydrogenase but not malic 
dehydrogenase. Fluoride inhibits glycolysis chiefly by inhibiting the splitting of 
phos])hate esters. Sodium fluoride (0.005 M) inhibits the rephosphorylation of 
adenylic acid by intermediate products of glycogenolysis. According to MacFar- 
lane (55), 0.02 M .sodium fluoride is required for 100 per cent inhibition of the 
breakdown of phosphoglyceric acid to ])hosphopyruvic acid. King (46) stated that 
the enzymic synthesis of cocarboxylase is inhibited by fluoride. Borei (5) stated 
that fluoride had no effect upon cytochrome C or upon cytochrome oxidase. Runn- 
strcim, Borei, and Sperber (74) reported that fluoride depressed the respiration of 
yeast by its effect on an intermediate substance between the dehydrogenase system 
and the cytochrome system. This is considered by Szent-Gyorgyi (79) to be the 
point where fumaric, succinic, and oxaloacetic acids enter into the respiratory 
scheme. Kaickar (42) found that esterification of glucose with inorganic phos- 
phate in cell-free kidney extract occurred under aerobic conditions, and that a mix- 
ture of fructose diphosphate and phosphoglyceric acid accumulated in the presence 
of sodium fluoride. Case (8) reported that hexokinase is inhibited by M/50 sodium 
fluoride (= 0.02 M), while Iri (40) found that 0.01 M fluoride had no effect upon 
hexokinase. 

Several tests have been conducted to find the effect of various concentrations of 
fluoride upon interconversion and vsynthesis. The results of an experiment using 
glucose are presented in Table XXXVII, The gains in sugars and the synthetic 
efficiencies are shown in Table XXXVIII. The percentages of fructose and glucose 
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are reported in Table XXXIX. It is evident that fluoride exerted a depressing eifect 
both upon the conversion of glucose to fructose and upon the formation of sucrose. 

TABLE XXXVII 

MOISTURE AND SUGAR PERCENTAGES IN BLADES SUPPLIED WITH GLUCOSE 
WITH AND WITHOUT SODIUM FLUORIDE (47 P.P.M. F-380 P.P.M. F) FOR 24 


HOURS 

Series Moisture Reducing sugars Sucrose Total sugars 

Initial control .. 71.74±0.167 0.898±0.011 1.607±0.023 2.690±0.013 

Glucose 70.08±0.114 l.S87zt0.009 5.965±0.048 7.666±0.060 

Glucose + 47 p.p.m. F 70.54±0.162 1.477±0.005 6.651±0.004 7.426±0.000 

Glucose + 95 p.p.m. F 71.19i:0.052 1.693^:0.001 4.914±0.002 6.866±0.003 

Glucose + 190 p.p.m. F 70.88±0.086 2.746±0.009 4.072±0.003 7.031±0.013 

Glucose 4- 380 p.p.m. F 70.29±0.119 3.931±0.013 3.089 7.212 


TABLE XXXVIII 

GAINS IN SUGARS AND SYNTHETIC EFFICIENCY OP BLADES SUPPLIED WITH 
GLUCOSE WITH AND WITHOUT SODIUM FLUORIDE (47 P.P.M.-380 P.P.M. P) 
FOR 24 HOURS, CALCULATED FROM TABLE XXXVII 


Gain in Gain in Synthetic 

Series total sugars sucrose efficiency 

Glucose ; 5.076 4.358 85.85 

Glucose -j“ 47 p.p.m. F 4.836 4.044 83.62 

Glucose + 95 p.p.m. F 4.276 3.307 77.33 

Glucose -f 190 p.p.m. P 4.441 2.465 55.50 

Glucose + 380 p.p.m. P 4.622 1.482 32.06 


TABLE XXXIX 

FRUCTOSE AND GLUCOSE PERCENTAGES IN BLADES SUPPLIED WITH GLU 


COSE WITH AND WITHOUT 
24 HOURS 

SODIUM FLUORIDE (47 P.P.M.-380 P.P.M. 

Gain in 

p) ran 

Gain in 

Series 

Initial control 

Fructose 
. . 0.589±0.024 

fructose 

Glucose 

0.308±0.035 

glucose 

Glucose 

. . 0.696±0.005 

0.106 

0.691±0.004 

0.383 

Glucose 4- 47 p.p.m. F 

. . 0,639:t0.018 

0.050 

0.838 ±:0.013 

0.530 

Glucose 4” 95 p.p.m. F 

. . a562±0,021 

—0.027 

1.131±0.023 

0.823 

Glucose 4- 190 p.p.m. F 

. . 0.930± 0.046 

0.341 

1.814±0.056 

1.506 

Glucose 4- 380 p.p.m. P 

... 0.564±0.020 

—0.025 

3.367±0.034 

3.059 


Another experiment was conducted in which both glucose and fructose were 
used, and the results are set out in Table XL. The gains in sugars and the synthetic 
efficiencies are reported in Table XLL The percentages of fructose and glucose are 
presented in Table XLII. Fluoride exerted a depressing effect upon the intercon- 


TABLE XL 

MOISTURE AND SUGAR PERCENTAGES IN BLADES SUPPLIED WITH GLUCOSE 
OR FRUCTOSE WITH AND WITHOUT SODIUM FLUORIDE (95 P.P.M. F-380 P.P.M. 
F) FOR 24 HOURS 


Series Moisture Reducing sugars Sucrose Total sugars 

Initial control 72.4S±0,014 0.844±0.002 1,652±0.021 2.683±0.025 

Glucose 72.91±0.088 1.076±0.008 3.464±0.012 4.713±0.022 

Fructose ... 72.66±0.043 1.017±0.017 3,627±0,031 4.729±0.060 

Both 71.54±0.052 0.883±0.003 3.433±0.G46 4.497±0.051 


Glucose 4“ E ..... . 

FViicfose 4- 95 p.p.in. F . . . . . 

4" 95 p.p.m, F , 


72.06±0.029 1.2S^±0.007 
72.37±0.005 1.379±0,001 
71.82±0.029 1.298^:0.002 


2.8aa±o.oi3 4.m±o.02i 

2.853± 0.007 4,382^:0.009 

2.944i:0.004 4.397±0.006 
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Glucose + 190 p.p.m. F . . 

. . . 71.87±0.052 

1.376±0.014 

2.639±0.026 

4.156±0.013 

Fructose -f 190 p.p.m. F . 

. . . 71.39zt0.052 

1.486±0.000 

2.866±0.002 

4.493±0.002 

Both -h 190 p.p.m. F 

. . . 71.42±0.052 

1.562±:0.011 

3.047±0.031 

4.770±0.021 

Glucose 4- 380 p.p.m. F . . 

. . . 71.52±0.000 

2.016±0.014 

2.781=t 0.000 

4.944±0.01S 

Fructose + 380 p.p.m. F . 

. . . 71.78±0.029 

1.892±0.004 

2.866±0,005 

4.909±0.009 

Both + 380 p.p.m. F 

. . . 71.68±0.029 

2.033±0.008 

2.711±0.008 

4.887±0.000 


version of glucose and fructose and the formation of sucrose whichever sugar was 
supplied. The depressing effect was correlated with the amount of fluoride supplied. 
Since the synthetic efficiency was depressed just as much when both glucose and 
fructose were supplied as when either alone was given to the blades, fluoride must 
affect some process necessary for synthesis in addition to its effect upon intercon- 
version of glucose and fructose. However, even 380 p.p.m. F (= 0.02 M) did not 
inhibit synthesis completely. 

TABLE XLI 

GAINS IN SUGARS AND SYNTHETIC EFFICIENCY OF BLADES SUPPLIED WITH 
GLUCOSE OE FRUCTOSE WITH AND WITHOUT SODIUM FLUORIDE (95 P.P.M.- 
380 P.P.M. F) FOR 24 HOURS, CALCULATED FROM TABLE XL 



Gain in 

Gain in 

Synthetic 

Series 

total sugars 

sucrose 

efficiency 

Glucose 

2.130 

1.802 

84.60 

Fructose 

2.146 

1.875 

87.37 

Both 

1.914 

1.781 

93.05 

Glucose -f 95 p.p.m. F 

1.590 

1.148 

72.20 

Fructose -f- 95 p.p.m. F 

1.799 

1.201 

66.75 

Both 4* 05 p.p.m. F 

1.814 

3.292 

71.22 

Glucose + 190 p.p.m. F 

1.572 

0.987 

62.78 

Fructose 4* 100 p.p.m. F 

1.910 

1.204 

63.03 

Both 4“ 100 p.p.m. F 

2,187 

1.395 

63.78 

Glucose 4- 380 p.p.m. F 

2.361 

1.129 

47.81 

Fructose 4- 380 p.p.m. F 

2.326 

1.214 

52.19 

Both 4- 380 p.i>.in. F 

2.304 

3 . 059 

45.96 


TABLE XLII 


FRUCTOSE AND GLUCOSE PERCENTAGES IN BLADES SUPPLIED WITH GLU- 
COSE OB FRUCTOSE WITH AND WITHOUT SODIUM FLUORIDE (95 P.P.M. F- 
380 P.P.M. F) FOR 24 HOURS 


Series 

Fructose 

Gain in 
fructose 

Glucose 

Gain in 
glucose 

Initial control 

Glucose 

0.824±0.006 

0.592-^-0.033 

—0.232 

0.019±0.004 

0.484±0.042 

0.465 

Fructose 

0.921-»-0.049 

0.097 

0.096±0.032 

0.077 

Both 

0.4S7-J-0.007 

—0.387 

0.446±0.009 

0.427 

Glucose + 95 p.p.m. F 

0.812±:0.022 

—0.012 

0.413±0.029 

0.394 

Fructose 4- 95 p.p.m. F 

1.289H- 0.044 

0.465 

0.090±0.043 

0.071 

Both 4“ 95 p.p.m. F 

0.849-^0.019 

0.025 

0.449±0.017 

0.430 

Glucose 4“ 190 p.p.m. F 

0.782-+-0.007 

—0.042 

0.594±0.007 

. 0.575 

Fructose 4- 190 p.p.m. F 

1.346-^- 0.014 

0,522 

0,149±0.014 

0.121 

Both 4“ 190 p.p.m. F 

0.960-H0.041 

0.136 

0.602±0.029 

0.583 

Glucose 4- 380 p-p.m. F 

0.614±0.016 

1 

p 

to 

o 

1.402±0.030 

1.383 

Fructose 4- 380 p.p.m, F 

. . . . 1.866-»-0.022 

1.042 

0.032±0.015 

0.013 

Both 4- 380 p.p.m. F 

1,350-+-0.039 

0.526 

0.682±0.031 

0.663 
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11, M (donate: 

Malonate inhibits succinic dehydrogenase, but in the presence of fumaric acid, 
tissues are insensitive to malonate, according to Oppenheimer (67). Elvehjem 
(23) stated that malonate inhibits succinic dehydrogenase, lactic dehydrogenase, the 
oxidation of fatty acids, glucose oxidation by brain, and the oxidation of ethyl alco- 
hol by liver. 

A test was conducted to find the effect of malonate with and without fumaric 
acid upon interconversion and synthesis. The results are presented in Table XLIII. 
The gains in sugars and the synthetic efficiencies are shown in Table XLIV. The 
percentages of fructose and glucose are presented in Table XLV. It is true that 

TABLE XLIII 

MOISTURE AND SUGAR PERCENTAGES IN BLADES SUPPLIED WITH GLUCOSE 
WITH AND WITHOUT SODIUM MALONATE (0.5%) AND FUMARIC ACID (0.4% ) 


FOR 24 HOURS 

Series Moisture Reducing sugars Sucrose Total sugars 

Initial control 67.92±0.029 0.338±0.001 2.507±0.013 2.978±0.016 

Glucose 66.84±0.029 1.285±0.001 4.818±0.046 6.368±0.047 

Glucose + fumaric acid 66.96±0.052 1.272±0.000 3.921±0.027 5.399±0.030 

Glucose H- lUcalonate 67.26±0.000 0.963±0.017 3.453±0.020 4.599±0.005 

Glucose 4" malonate 4- 

fumaric acid 66.08±0.033 1.101±0.000 4.218±0.004 • 5.641±0.005 


TABLE XLIV 

GAINS IN SUGARS AND SYNTHETIC EFFICIENCY OF BLADES SUPPLIED WITH 
GLUCOSE WITH AND WITHOUT SODIUM MALONATE (0.5%) AND FUMARIC 
ACID (0.4%) FOR 24 HOURS, CALCULATED FROM TABLE XLIII 


Gain in Gain in Synthetic 

Series total sugars sucrose efficiency 

Glucose 3.380 2.311 68.37 

Glucose 4" fimiaric acid 2.421 1.414 58.40 

Glucose 4“ malonate 1.621 0.946 58.35 


Glucose 4“ malonate 4- fumaric acid . 2.563 1.711 66.75 

TABLE XLV 

FRUCTOSE AND GLUCOSE PERCENTAGES IN BLADES SUPPLIED WITH GLU 
COSE WITH AND WITHOUT SODIUM MALONATE (0.5%) AND FUMARIC ACID 
(0.4%) FOR 24 HOURS 


Gain in Gain in 

Series Fructose fructose Glucose glucose 

Initial control 0.874± 0.010 0 ±0.000 

Glucose 0.563±0.081 0.189 0.722± 0.030 0.722 

Glucose 4“ fumaric acid 0.819±0.051 0.445 0.453±0.050 0.453 

Glucose + malonate 0.783±0.049 0.409 0.180±0.066 0.180 


Glucose 4- malonate 4” fumarid acid 0.483±0.003 0.109 0.618±0.004 0.618 


sodium malonate decreased the synthetic efficiency when used alone but not when 
used with fumaric acid which would be expected if the effect is on succinic dehydro- 
genase. However, the depressing effect was so little compared with the effects of 
ars^ite* selenite, and fluoride, and considering the comparatively strong concentra- 
tion of sodium malonate used, that there is no real evidence of inhibition by malonate. 
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Neither was there any evidence of an inhibitory effect of malonate upon the conver- 
sion of glucose to fructose. 

12, Acenaphthene: 

Shmuck (75) found that acenaphthene interfered with the metabolism of wheat 
sprouts by reducing respiration, acidifying the sap presumably through the forma- 
tion of free phosphoric acid from nucleoproteins, and doubling the glucolytic action. 

Acenaphthene was dissolved in hot alcohol and diluted with glucose solution, re- 
sulting in a milky liquid. An equal amount of alcohol was used in the glucose con- 
trol. The results of the test are presented in Table XLVI. The gains in sugars 
and the synthetic efficiencies are reported in Table XLVI I. The percentages of 
fructose and glucose are recorded in Table XLVIIT. Acenaphthene appeared to aid 
both the conversion of glucose to fructose and the formation of sucrose a little. 


TABLE XLVI 


moisture and sugar percentages in blades supplied with glucose 

WITH AND WITHOUT ACENAPHTHENE (0.1%) FOR 24 HOURS 


Series 

Initinl control 

Glucose 

Glucose -f- ciCfuajOitlione . . . . 


Moisture 
71.38±0.0T4 
70.62 ±0.052 
70.21±0.009 


educing sugars 
1.088±0.012 
1.785±0.006 
2.012±0.014 


Sucrose 

2.263±0.003 

3.962±0.009 

4.949±0.019 


Total sugars 
3.470±0.009 
5.946 ±0.003 
7.222±0.034 


TABLE XL VII 

GAINS IN SUGARS AND SYNTHETIC EFFICIENCY OF BLADES SUPPLIED WITH 
GLUCOSE, WITH AND WITHOUT ACENAPHTHENE (0.1%) FOR 24 HOURS, CAL- 
CULATED FROM TABLE XLVI 


Gain in Gain in Synthetic 

Series total sugars sucrose efficiency 

Glucose 2.475 1.689 68.24 

Glucose + acenaphthene 3.752 2.686 71.58 


TABI.E XLVIII 

FRUCTOSE AND GLUCOSE PERCENTAGES IN BLADES SUPPLIED WITH GLU- 
COSE WITH AND WITHOUT ACENAPHTHENE (0.1%) FOR 24 HOURS 


Gain in Gain in 

Series Fructose fructose Glucose glucose 

Initial control 0.743±0.001 ' 0.345±0.010 

Glucose 0.64a±0.019 —0.103 1.146±0.013 0.800 

Glucose -f- acenaphthene 1,333±0.009 0.590 0.679±0.004 0.334 


13. Chloroform: 

Irving (41) reported that small doses of chloroform increased the intensity of 
respiration in cherry laurel leaves, medium doses caused an initial increase followed 
by a decrease to below normal, and strong doses gave a rapid fall to zero. Deleano 
and Dick (17) found that translocation of material from the leaves of Vitis vinifera 
was not affected by chloroforming the petioles, and that chloroform had no effect 
upon enzyme activity and starch hydrolysis. Spoehr and Milner (77), however, 
found that leaves of Helianthus annuus and Nicotiana Tabacum when killed by 
means of chloroform retained their amylase but showed no starch dissolution even 
after 143 days, and suggested that the treatment with chloroform resulted in marked 
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changes in the finer structure of the cell and in colloidal phase relationships of the 
components of the chloroplasts and the surrounding protoplasm. 

Blades of sugar cane were placed under a bell jar with chloroform for two hours. 
For the first hour the chloroform was in a beaker, but for the second hour cotton 
soaked in chloroform was used. The leaves did not become flaccid but they did 
become very cold. After the two hours* exposure to chloroform, the leaves were 
supplied with glucose for 24 hours. The results are set out in Table XLIX. The 
gains in sugars and the synthetic efficiencies are presented in Table L. The per- 
centages of fructose and glucose are reported in Table LI. The treatment with 
diloroform decreased the synthetic efficiency considerably, but did not inhibit syn- 
thesis entirely. The conversion of glucose to fructose was also diminished by the 
treatment with chloroform. 

TABLE XLIX 

MOISTURE AND SUGAR PERCENTAGES IN BLADES SUPPLIED WITH GLUCOSE 
FOR 24 HOURS, WITH AND WITHOUT PREVIOUS EXPOSURE TO CHLOROFORM 


FOR 2 HOURS 

Series Moisture Reducing sugars Sucrose Total sugars 

Initial control 66,06±0.024 0.560±0.002 1.802±0.008 2.447±0.007 

Glucose 67.23±0.105 2.070±0.034 6.546^:0.017 7.909±0.003 

Chloroform-glucose 67.74zt0.000 2.941±0.015 3.862±0.012 7.006±0.027 


TABLE L 

GAINS IN SUGARS AND SYNTHETIC EFFICIENCY OF BLADES SUPPLIED WITH 
GLUCOSE FOR 24 HOURS, WITH AND WITHOUT PREVIOUS EXPOSURE TO 
CHLOROFORM FOB 2 HOURS, CALCULATED FROM TABLE XLIX 


Gain in Gain in Synthetic 

Series total sugars sucrose efficiency 

Glucose 5.462 3.744 68.64 

Chloroform-glucose 4.559 2.060 45.18 


TABLE TJ 

FRUCTOSE AND GLUCOSE PERCENTAGES IN BLADES SUPPLIED WITH GLU- 
COSE FOR 24 HOURS, WITH AND WITHOUT PREVIOUS EXPOSURE TO CHLO- 
ROFORM FOR 2 HOURS 


Gain in Gain in 

Series Fructose fructose Glucose glucose 

Initial control . . 0.672±0.023 0 ±0.000 

Glucose 0.737±0.029 0.065 1.334±0.008 1.334 

Chloroform-glucose ^ 0.689±0.023 0.017 2.261±0.038 2.251 


14. Dinitro phenol: 

\ Norris (64) reported that 2 :4-dinitrophenol caused an increase in oxygen con- 
sumption. du Buy and Olson (21) found that dinitrophenol (50 p.p.m. for 30 min- 
utes) markedly inhibited the respiration of Avena coleoptile, and that respiration 
was completely stopped by 100 p.p.m. for 30 minutes. Oppenheimer (67) stated 
that dinitrcT>henol increased the rate of oxidation in animals and plants, and that 
while it increased both respiration and glucolysis, the main eflFect was a stimulation 
of anaerobic sugar breakdown. 

The eflfect of dinitrophenol upon the transformations of sugars was studied, using 
5, So, and 100 p.p.m. The results for moisture and sugars are recorded in Table 
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LII. The gains in sugars and the synthetic efficiencies are reported in Table LIIL 
Dinitrophenol appeared to diminish synthesis a little, in the higher concentrations. 

TABLE LII 

MOISTURE AND SUGAR PERCENTAGES IN BLADES SUPPLIED WITH GLUCOSE 
WITH AND WITHOUT 2:4-DINITROPHENOL (5 P.P.M.-lOO P.P.M.) FOR 24 HOURS 


Series Moisture Reducing sugars Sucrose Total sugars 

Initial control 68.23±0.095 0.762±0.028 2.277±0.003 3.150±0.025 

Glucose 68.68±0.009 1.273±0.019 4.836±0.030 6.363±0.050 

Glucose + 5 p.p.m. DNP 68.83±:0.028 1.209±0.006 4.666±0.005 6,11D±0.000 

Glucose -f- 50 p.p.m. DNP . . . 69.70±0.019 1.413±0.008 4.684±0.041 6.239±0.035 

Glucose + 100 p.p.m. DNP . . 69.00±0.133 1.604±0.012 4.686±0.018 6.437±0.030 


TABLE LIII 

GAINS IN SUGARS AND SYNTHETIC EFFICIENCY OF BLADES SUPPLIED WITH 
GLUCOSE WITH AND WITHOUT 2:4-I)INITROPHENOL (5 P.P.M.-lOO P.P.M.) FOB 
24 HOURS, CALCULATED FROM TABLE LII 


Series 

Gain in 

Gain in 

Synthetic 

total sugars 

sucrose 

efficiency 

Glucose 

3.213 

2.558 

79.61 

Glucose -j- 5 p.p.m. DNP 

2.960 

2.378 

80.33 

Glucose -f 50 p.p.m. DNP 

3.089 

2.307 

74.68 

Glucose -h 100 p.p.m. DNP 

3.287 

2.409 

73.28 


15, Ethyl alcohol: 

Elvehjem stated that ethyl alcohol completely stopped the reduction of cyto- 
chrome. 

The effect of 2 per cent ethyl alcohol upon synthesis is shown in Tables LIV and 
LV. The effect of 5 per cent ethyl alcohol was then studied, with the results re- 
ported in Tables LVI and LVII. In both of these tests ethyl alcohol appeared to 
raise the synthetic efficiency a little. 

TABLE LIV 

MOISTURE AND SUGAR PERCENTAGES IN BLADES SUPPLIED WITH GLUCOSE 
WITH AND WITHOUT 2% ETHYL ALCOHOL FOR 24 HOURS 


Series Moisture Reducing sugars Sucrose Total sugars 

Initial control 73.07±0.033 0.827±0.002 2.301:±0.022 3.250±:0.025 

Glucose 72.69 2.106±0.002 7.282±0.014 9.771±0.012 

Glucose -f alcoliol 71.79±0.076 1.860±0.011 7,38a±0.001 9.619±0.009 


TABLE LV 

GAINS IN SUGARS AND SYNTHETIC EFFICIENCY OF BLADES SUPPLIED WITH 
GLUCOSE WITH AND WITHOUT 2% ETHYL ALCOHOL FOR 24 HOURS, CALCU- 
LATED FROM TABLE LIV 


Gain in Gain in Synthetic 

gefxes total sugars sucrose efficiency 

Glucose 6.521 4.981 76.38 

Glucose 4“ aicoliol 6.369 5.079 79.74 
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TABLE LVI 

MOISTURE AND SUGAR PERCENTAGES IN BLADES SUPPLIED WITH GLUCOSE 
WITH AND WITHOUT 6% ETHYL ALCOHOL FOB 24 HOURS 


Series Moisture Reducing sugars Sucrose Total sugars 

Initial control 71.39±0.019 1.495±0.009 3.047±0.005 4.70S±0.003 

Water 73.a8±0.048 1.683±0.013 2.412±0.009 4.222±0.023 

Alcohol 72,30±0.033 1.264±0.006 2.346±0.018 3.723±0.026 

Glucose 72.01±0.052 1.960±0.013 4.894±0.022 7.112±:0.010 

Glucose 4- alcohol 71.36±0.095 1.970±0.003 6.078±0.017 7.310±0.019 


TABLE LVII 

GAINS IN SUGARS AND SYNTHETIC EFFICIENCY OF BLADES SUPPLIED WITH 
GLUCOSE WITH AND WITHOUT 5% ETHYL ALCOHOL FOR 24 HOURS, CALCU- 
LATED PROM TABLE LV 



Gain in 

Gain in 

Synthetic 

Series 

total sugars 

sucrose 

efficiency 

Water 

—0.481 

—0.635 


Alcohol 

—0.980 

—0.702 


Glucose 

2.409 

1.847 

76.67 

Glucose 4“ alcohol 

2.607 

2.031 

77.90 


16. Histidine: 

Norris (64) reported that histidine, in 6x10"^ molar concentration, reduced res- 
piration. 

The effect of histidine upon synthesis is shown in Tables LVIII and LVIX. 
The fructose and glucose percentages are presented in Table LX. Histidine ap- 

TABLE LVIII 

MOISTURE AND SUGAR PERCENTAGES IN BLADES SUPPLIED WITH GLUCOSE 


WITH AND 

WITHOUT HISTIDINE FOR 

24 HOURS 


Series 

Moisture 

Reducing sugars 

Sucrose 

Total sugars 

Initial control 

68.21±0.076 

0.816± 0.003 

2.151±0.003 

3.080± 0.007 

Glucose 

69.98±0.024 

1.330±0.006 

4.669±0.008 

6.234± 0.003 

Glucose “h histidine 6xlO-7M 

69.66±0.009 

1.243±0.007 

4.648±0.000 

6.031 ±0.008 

Glucose 4" histidine OxlO-^M 

70.07±0.067 

1.269±0.002 

4.738±0.000 

6.266±0.003 

Glucose 4- histidine 6xlO-5M 

68.66±0.086 

1.166±0.007 

4.726±0.008 

6.141±0.016 

Glucose 4" histidine 6xlO-4M 

67.63±0,043 

0.967±0.004 

4.096± 0.005 

6.268±0.000 


TABLE LIX 

GAINS IN SUGARS AND SYNTHETIC EFFICIENCY OF 

BLADES SUPPLIED WITH 

GLUCOSE WITH AND WITHOUT HISTIDINE FOB 

24 HOURS, 

CALCULATED 

FROM TABLE LVIII 

Gain in 

Gain in 

Syuthetic 

Series 

total sugars 

sucrose 

efficiency 

Glucose 

3.154 

2.508 

79.51 

Glucose 4* histidine 6xl0-7M. . 

2.951 

2.397 

81.22 

Glucose -f histidine 6xlO-®M . . 

...... 3.176 

2.587 

81.45 

Glueose + histidine 6xlO-5M . . 

3.061 

2.575 

84.12 

Giueose 4* histidine OxlO-^M. . 

2.188 

1.944 

88.84 
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TABLE LX 


FRUCTOSE AND GLUCOSE PERCENTAGES IN BLADES SUPPLIED WITH GLU- 
COSE WITH AND WITHOUT HISTIDINE FOR 24 HOURS 


Series 

Fructose 

Gain in 
fructose 

Glucose 

Gain in 
glucose 

Initial control 

Glucose 

. . . 0.469±0.0]1 

■ . . 0.921+0.031 

0.462 

0.366+0.014 

0.409+0.037 

0.053 

Glucose -}- histidine ()xl0“"M .... 

. . . 0.919±0.034 

0.460 

0.324+0.041 

—0.032 

Glucose ■+■ histidine 6xlO“«M .... 

. . . 0.831±0.045 

0.372 

0.437+0.043 

0.081 

Glucose -{- histidine 6xlO-f»M. ... 

. . . 0.891±0.041 

0.432 

0.274+0.040 

—0.082 

Glucose + histidine 6xlO-4M .... 

. . . 0.934±0.()14 

0.475 

0.030+0.014 

—0.326 


peared to increase synthesis a little, particularly in 6x10 M concentration. There 
was no apparent effect upon the conversion of glucose to fructose. 

17, Phloridzin: 

According to Elvehjeni, 0.005-0.2 M phloridzin inhibited phosphorylation and 
dephosphorylation in yeast and muscle. It also inhibited the formation of lactic acid 
from glucose or glycogen. 0.01 M phloridzin inhibited the dismutation of triose 
phosphate to phosphoglyceric and glycerophosphoric acids in muscle. In dried 
yeast, phloridzin almost completely inhibited the formation of adenosine triphos- 
phate from adenosine phosphate and fructose diphosphate. Ostern, Baranowski and 
Terszakowec' (68) reported that phloridzin, 7x10"^ M, gave 100 per cent inhibition 
of adenosine phosphorylase. Dahl (14) found that phloridzin hindered the phos- 
phorylation of starch and glycogen in muscle extract. Cori and Cori (12) state that 
phloridzin inhibited the action of phosphorylase, which catalyzes the reaction 
glycogen + inorganic phosphate ^ glucose- 1 -phosphate, in both directions. Lisit- 
syn (54) found that 0.005 M phloridzin inhibited the synthesis of sucrose in the 
leaves of Arctium lappa and Crataegus sp. but not in the leaves of Tussilago farfara. 

The effect of phloridzin upon sugar transformations is shown in Table LXI. 
The gains in sugars and the synthetic efficiencies are reported in Table LXII. The 
percentages of fructose and glucose are recorded in Table LXIII. Phloridzin did 
not inhibit either the interconversion of glucose and fructose or the synthesis of 
sucrose. 


TABLE LXI 

MOISTURE AND SUGAR PERCENTAGES IN BLADES SUPPLIED WITH GLUCOSE 
OR FRUCTOSE WITH AND WITHOUT PHLORIDZIN (0.01 M) FOR 24 HOURS 


Series Moisture Reducing sugars Sucrose Total sugars 

Initial control 71.44±0.033 0.902±0.001 2.29»±0.000 3.316±0.000 

Glucose 71.04±0,067 1.225±0.004 4.771±0.016 6,247±0.020 

Fructose 72.24±0.019 1.396±0.003 4.656±0.000 6.297±0.004 

Both .... 71.91±0.019 1.283±0.048 4.748±0,021 6.281±0.027 

Glucose -f- phloridzin 71.56±:0»038 1.136±0.004 4.440±:0.000 6.864±:0.017 

Fructose + phloridzin 71.79±0.009 1.418±0.009 4,381±:0.014 6.030±0.005 

Both + phloridzin 71.33±0.043 1.168±0.012 4.405±0.033 6.805±0.022 
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TABLE LXII 

(lAINS IN SUGAES AND SYNTHETIC EFFICIENCY OF BLADES SUPPLIED WITH 
GLUCOSE OE FEUCTOSE WITH AND WITHOUT PHLOEIDZIN (0.01 M) FOE 24 
HOUES, CALCULATED FEOM TABLE LXI 


Series 

Gain in 
total sugars 

Gain in 
sucrose 

Synthetic 

efficiency 

Glucose 

2.931 

2.478 

84.54 

Fructose 

2.981 

2.363 

79.26 

Both 

2.965 

2.455 

82.79 

Glucose -f phloridzin 

2.538 

2.147 

84.69 

Fructose + phloridzin 

2.714 

2.088 

76.93 

Both -\r phloridzin 

2.489 

2.112 

84.85 


TABLE LXIII 


FEUCTOSE AND GLUCOSE PEECENTAGES IN BLADES SUPPLIED WITH GLU- 
COSE OE FEUCTOSE WITH AND WITHOUT PHLOEIDZIN (0.01 M) FOE 24 IIOUES 


Series 

Fructose 

Gain in 
fructose 

Glucose 

Gain in 
glucose 

Initial control 

Glucose 

0.512±0.016 

0.648H-0.021 

0.136 

0.390±0.017 

0.676±0.025 

0.186 

Fructose 

1.289-H0.009 

0.777 

0.106±0.013 

—0.284 

Both 

1.136±0.015 

0.624 

0.147±0.019 

—0.243 

Glucose -1“ phloridzin 

0.667±0.031 

0.155 

0.468±0.027 

0.078 

Fructose + phloridzin 

1,190±0.026 

0.678 

0.228±0.035 

—0.162 

Both -f phloridzin 

1.015±0.004 

0.503 

0.163±0.017 

—0.237 


i#. Quinine: 

Enders and Wieninger (24) reported that quinine and several other alkaloids 
inhibited growth and fermentation by yeast. Fermentation was inhibited by lower 
concentrations than were required to inhibit multiplication. 

The effect of quinine (0.01%) upon the formation of sucrose was tried in two 
tests. In the first test the synthetic efficiencies were as follows : with glucose 86.56 ; 
with glucose + quinine, 93.87. In the second test the synthetic efficiencies were as 
follows: with glucose, 82.04; with glucose + quinine, 82.20; with fructose, 78.40; 
with fructose + quinine, 87.95 ; with glucose and fructose, 89.94; with glucose and 
fructose + quinine, 89.09, It is evident that the effect of quinine needs further 
study before drawing any conclusion. 

IP. Urethane: 

Elvehjem stated that urethane completely stopped the reduction of cytochrome. 
It partially inhibited alpha-phosphoglycerol dehydrogenase. In brain, urethane was 
found to inhibit the oxidation of glucose, lactate, and pyruvate but not of succinate. 
Kempner (45) stated that if a respiratory process is not affected by narcotics, that 
process is not bound to cellular structure. Burris and Wilson (7) stated that ure- 
thane, like other indifferent narcotics, is considered to be a general inhibitor of dehy- 
drogenases and to exert its action by being adsorbed on enzyme surfaces. 

Urethane was used in a single test with blades of sugar cane supplied with glu- 
cose, witji the results presented in Table LXIV. The gains in sugars and the syn- 
thetic eiSiciencies are recorded in Table LXV. The percentages of fructose and glu- 
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TABLE LXIV 

MOISTURE AND SUGAR PERCENTAGES IN BLADES SUPPLIED WITH GLUCOSE 
WITH AND WITHOUT URETHANE (1%) FOR 24 HOURS 


‘ Moisture Reducing sugars Sucrose Totalsugars 

Initial control 69.26±0.048 0.719±0.001 2.669±0.008 3.528±0.009 

Glucose 69.39±0.029 1.438±0.030 6.260±O.OO9 8.027±0.040 

Glucose + urethane 68.66±0.129 L342±0.003 5.794±0.0]8 7.441±0.015 


TABLE LXV 

GAINS IN SUGARS AND SYNTHETIC EFFICIENCY OF BLADES SUIH^LIED WITH 
GLUCOSE WITH AND WITHOUT URETHANE (1%) FOR 24 HOURS, CALCU- 
LATED FROM TABLE LXIV 


Gain in Gain in Synthetic 

Series total sugars sucrose efl&ciency 

Glucose 4.499 3.590 79.79 

Glucose -f urethane 3.913 3.125 79.86 


cose are reported in Table LXVI. Urethane appeared to decrease the absorption of 
sugar a little, as shown by the effect on the gain in total sugars. There was no effect 
upon synthesis or upon the conversion of glucose to fructose. 

TABLE LXVI 

FRUCTOSE AND GLUCOSE PERCENTAGES IN BLADES SUPPLIED WITH GLU- 
COSE WITH AND WITHOUT URETHAN (1%) FOR 24 HOURS 


Gain in Gain in 

Scries Fructose fructose Glucose glucose 

Initial control 0.279±:0.045 0.44^±0.043 

Glucose 0.796±0.()2n 0.517 0.642±0.009 0.202 

Glucose 4- urethane 0.714± 0.019 0.435 0.628 ±0.016 0.188 


20. Brilliant alizarine blue and rosinduline GG: 

Michaelis and Sniythe (61) studied the effects of several dyes upon fernienta- . 
tion in yeast, and reported that some dyes prevented the enzymatic conversion of 
fructose monophosjdiate to fructose dijdiosphate. The dyes with tlie strongest in- 
hibitory effect were l)rilliant alizarine blue and rosinduline GG. The concentra- 
tion employed was 4.9x10 M. These dyes were used by Smythe (76) for the 
quantitative production of the hexose monophosphates. 

Experiments have l)een conducted with both of these dyes to find their effects 
upon interconversion and synthesis in the sugar cane plant. The results of a test 
with ])rilliant alizarine blue are presented in Table LXVII. The gains in sugars 
and the synthetic efficiencies are recorded in Table LXVUT. The percentages of 


TABLE LXVII 

MOISTURE AND SUGAR I'EROENTAGES IN BLADES SUPPLIED WITH GLUCOSE 
OR FRUCTOSE WITH AND WITHOUT BRILLIANT ALIZARINE BLUE (4.9x10-3 M) 
FOR 24 HOURS 


Series Moisture Reducing sugars Sucrose Totalsugars 

Initial Control 65.90±0.n9 0.431±0.001 2.663±0.005 3.224±0.004 

Glucose 66.19±0.000 L489±0.004 5,149±0.030 6.910±0.028 

Fructose 66.45±0.024 L134±0.013 4.644±0.041 6.022±0.029 

Glucose + BAB V. . . . ! . . .... 61.26±0.076 1.077±0.005 2,866±0.013 4.094±0.019 

Fructose 4- BAB 57.17±0.024 1.214±0.122 2,526±0.023 3.874±0.097 
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TABLE LXVIII 

GAIKS IK SUGARS AKD SYKTJIETIO EFFICIBKCY OF BLADES SUPPLIED WITH 
GLUCOSE OR FRUCTOSE WITH AKD WITHOUT BRILLIAKT ALIZARIKE BLUE 
(4.9xlO-»M) FOR 24 HOURS, CALCULATED FROM TABLE LXVII 


Gain in Gain in Synthetic 

Series total sugars sucrose efficiency 

Glucose 3.686 2.496 67.71 

Fructose 2.798 1.991 71.15 

Glucose + BAB 0.870 0.213 24.48 

Fructose + BAB 0.650 —0.127 0 


fructose and glucose are reported in Table LXIX. Brilliant alizarine blue de- 
creased the absorption of sugar and inhibited the synthesis of sucrose, but did not 
inhibit the conversion of fructose to glucose, although it may have decreased the 
conversion of glucose to fructose. In another test with the same concentration of 
brilliant alizarine blue, the synthetic efficiencies were as follows: glucose, 68.25; 
glucose -|- BAB, 0; fructose, 61.07 ; fructose + BAB, 17.26. The dye inhibited the 
formation of sucrose from either glucose or fructose. 


TABLE LXIX 


FRUCTOSE AND GLUCOSE J»ER(tENTAGES IN BLADES Sin’lDJEI) WITH GLU 
COSE OR FRUCTOSE WITH AND WITHOUT BRILLIANT ALIZARINE Bl.UE 
(4.9x10-3 M) FOR 24 HOURS 


Gain in Gain in 

Scries Fructose fructose Glucose glucose 

Initial control a.426±0.000 0.006±0.0()2 

Glucose 0.418±0.009 —0.008 1.071±0.013 1.066 

Fructose 0.743±0.039 0.3J7 0.390±0.026 0.HH5 

Glucose -f BAB 0.440±0.048 0.014 0.637±0.0r):i 0.632 

Fructose + BAB 0.456±0.024 0.030 0.758±0.098 0.753 


Rosinduline GG was u.sed in one tCvSt with sugar cane. The concentration used 
by Michaelis and Smythe was 5x10 M. J could not find the formula or the molec- 
ular weight of rosinduline GG ; the concentration used was 1.87 grams per liter. 
The results are set out in Table LXX. The gains in sugars and the synthetic effi- 
ciencies are reported in Table LX XI. The percentages of fructose and glucose are 
recorded in Table LXXII, The formation of sucrose was cut in half by the use 

TABLE LXX 

MOISTURE AND SUGAR PERCENTAGES IN BLADES SUPPLIED WITH GLUCOSE 
OB FRUCTOSE WITH AND WITHOUT ROSINDULINE GG (1,87 GM/I) FOR 24 HOURS 


Series Moisture Reducing sugars Sucrose Total sugars 

Initial control 66.94±0.043 0.787±0.007 4,172rt0.()03 6.179^:0.010 

Glucose 66.69±0.014 0.995±0.020 6.586±0.049 7.92e±0.031 

Fructose 66.06±0.081 L132±0.022 7.160±0.027 8.669±0.006 

BotR 68.21±0.013 1,302±0.025 6.973±().030 8.642±0.006 

Glucose 4- ros. GG 63.474:0.071 2.075±0.009 6.063±0.000 7.406±0.009 

Fractose -f ros. GG 63.96±0.005 2.104±0.115 4.8904:0.208 7.261±0.384 

Bott -f ros. GG * 62.43±0,057 1.920±0.028 6.026±O.O27 7.842±0.000 



249 


TABLE LXXI 

GAINS IN SUGABS AND SYNTHETIC EFFICIENCY OF BLADES SUPPLIED WITH 
GLUCOSE OB FEUOTOSE WITH AND WITHOUT BOSINDULINB GG (1.87 GM/1) 
FOB 24 HOUBS, CALCULATED FBOM TABLE LXX 


Series 

Gain in 

Gain in 

Synthetic 

efficiency 

total sugars 

sucrose 

Glucose 

2.747 

2.413 

87.84 

Fructose 

3.490 

2.988 

85.61 

Both 

3.463 

2.801 

80.88 

Glucose -p ros. GG 

2.226 

0.891 

40.02 

Fructose -p ros. GG 

2.072 

0.718 

34.65 

Both -P ros. GG 

2.663 

1.454 

54.60 


TABLE LXXII 


FRUCTOSE AND (M.U(X)SE PERCENTAGES IN BLADES SUPPLIED WITH GLU* 
COSE OB FBU(’TOSE WITH AND WITHOUT ROSINDULTNE GG (1.87 GM/l) FOB 
24 HOURS 


Series 

Fructose 

Gain in 
fructose 

Glucose 

Gain in 
glucose 

Initial control 

Glucose 

0.658±0.043 

0.778 -<-0.005 

0.120 

0.129±0.050 

0.216±0.026 

0.087 

Fructose 

1.112±0.029 

0.454 

0.064±0.030 

—0.065 

Both 

1.432±0.021 

0.774 

0.000±0.000 

-0.129 

Glucose -p ros. GG 

0.734±0.084 

0.076 

1.341±0.074 

1.212 

Fructose -p ros. GG 

1.052±0.053 

0.394 

1.051±0.0G1 

0.922 

Both -P ros. GG 

0.965±0.029 

0.307 

0.964±0.000 

0.825 


of rosincluline Ci(j. More i^lucose than fructose accuniulated whichever sugar was 
supplied, which indicates that the dye had no deleterious effect upon the conversion 
of fructose to glucose, hut may have decreased the conversion of glucose to fructose. 

Since brilliant alizarine blue and rosinduline GG inhibit the formation of fructose 
diphosphate from fructose monophosphate, according to Michaelis and Smythe, and 
since these dyes decreased or inhildted the formation of sucrose from glucose, we 
may conclude either that the dyes exert a S})ecific effect upon synthesis or that the 
l)hos]diorylation of glucose or fructose must proceed to the fructose diphosphate 
stage for the syntliesis of sucrose to take jdace. 

21. Iodine, silver nitrate, and copper sulphate: 

Herl)ert (37) found that IM/50,000 iodine, silver nitrate, or copper sulphate gave 
100 per cent inhibition of zymohexase activity in rabbit skeletal muscle. Zymo- 
hexase is the enzyme which catalyzes the breakdown of fructose diphosphate form- 
ing dihydroxyacetone phosphate and glyceraldehyde phosphate, or triose phosi)hate. 
It is found in plants as well as in animals, as Allen (1) stated that the potato con- 
tains zymohexase similar to that in muscle, Rapkine (73) reported that triose phos- 
phate dehydrogenase of muscle is inactivated by iodine. 

The studies with brilliant alizarine Idue and rosinduline GG reported in tins 
paper led to the conclusion that phosphorylation of glucose or fructose must proceed 
to the fructose diphosphate stage in order for the synthesis of sucrose to take place. 
The tests with iodoacetate indicated that phosphorylation does not need to proceed 
beyond the triose phosphate stage for the synthesis of sucrose to occur. To deter- 
mine whether fructose diphosj)hate or triose phosphate is the necessary intermediate 
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for the formation of sucrose, a test was conducted using iodine, silver nitrate, and 
copper sulphate in the same concentration used by Herbert. If these chemicals 
should inhibit synthesis then ttiose phosphate may be the required substrate rather 
than fructose diphosphate. 

The results for moisture and sugars, obtained in the test with iodine, copper sul- 
phate, and silver nitrate, are presented in Table LXXIII. The gains in sugars and 
the synthetic efficiencies are reported in Table LXXIV. The percentages of fruc- 
tose and glucose are recorded in Table LXXV. 

TABLE LXXIII 


MOISTURE AND SUGAR PERCENTAGES IN BLADES SUPPLIED WITH GLU(X)SE 
WITH AND WITHOUT Ig, AgNOg, OR CU8O4 (My50,000) FOR 24 HOURS 


Series 

Moisture 

Reducing sugars 

Sucrose 

Total sugars 

Initial eontrol 

. 63.20±0.067 

0.726+0.005 

3.148+0.014 

4.040+0.020 

Glucose 

. 63.28±0.019 

1.186±0.036 

6.429±0.017 

6.901+0.018 

Glucose -f I2 

. 63.55±0.091 

1.201±0.000 

6.134±0.012 

7.668 +0.013 

Glucose 4- AgNOg 

. 63.54±0.129 

1.073±0.003 

5.611±0.028 

6.980±0.032 

Glucose 4- CUSO4 

. 62.95±0.033 

l.ia6± 0.004 

6.234±0.006 

7.668±0.010 

GAINS IN SUGAE8 AND 

TABLE LXXIV 

SYNTHETIC EFFICIENCY OF Bl.ADES SUPPLIED WITH 

GLUCOSE WITH AND WITHOUT I^, AgNO;., OK ('U8O4 

(M/50,000) FOR 24 HOURS, 

CALCULATED FROM TABLE LXXIII 

Series 

Glucose 

Gain in 
total sugars 

2.861 

Gain in 
sucrose 

2.281 

Synthetic 

efficiency 

79.72 

Glucose 4-12 


3.618 

2.986 

82.53 

Glucose 4" AgNOg . . . 


2.940 

2.463 

83.77 

Glucose 4“ CUSO4 . . . , 


3.628 

3.086 

85.06 


Far from exerting a depressing effect, iodine, silver nitrate, and copj>er sulphate 
all increased the synthetic efficiency, according to Table LXXIV. Neither iodine 
nor copper sulphate affected the conversion of glucose to fructose significantly, but 
the effect of silver nitrate in depressing the conversion of glucose to fructose may 

TABLE LXXV 

FRUCTOSE AND GLUCOSE PERCENTAGES IN BLADES SUPPLIED WITH GLU- 
COSE WITH AND WITHOUT I2, AgNOg, OR CiiSO^ (M/r)0,000) FOR 24 HOURS 


Gain in Oniii in 

Series Fructose fructose Glucose glucose 

Initial control 0.484±0.013 0.242±0.019 

Glucose 0.608±0.011 0.124 0.678±0.047 0.336 

Glucose + 12 0.678±0.022 0.194 0.623±0.020 0.281 

Glucose + AgNOs 0.102±0.00l —0.382 0.971±0.001 0.729 

Glucose + CuSO* 0.4(«±0.035 —0.082 0.704±0.039 0.462 


have been significant. Since inhibiting the breakdown of fructose diphosphate by 
zymohexase resulted in an increased synthesis of sucrose, the theory is suggested 
that fructose diphosphate is a necessary stepping stone in the fonnation of sucrose 
from glucose. 

22, Sodium diethyldithiocarbamate: 

' Keilin and Hartree (44) found that sodium diethyldithiocarbamate inhibits suc- 
cinic dehydrogenase one hundred per cent in 2x10^® M concentration. This concen- 
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tration was used in a test with blades supplied with glucose for 24 hours. The syn* 
thetic efficiency in the series with glucose was 78.64, and in the series with glucose 
plus sodium diethyldithiocarbamate the synthetic efficiency was 75.80. 

Since synthesis was depressed so little by the carbamate, this may indicate that 
succinic dehydrogenase does not take part in the synthesis of sucrose. 

23. Potassium ferricyanide: 

Mendel and Strelitz (59) reported that potassium ferricyanide increased the 
Pasteur effect, using 10“'-^ mol./liter. Potassium ferricyanide is a mild oxidizing 
agent. 

One test was conducted in which blades were supplied with potassium ferricya- 
nide along with glucose, the results of which are recorded in Table LXXVI. The 

TABLE LXXVI 

MOISTURE AND SUGAR PERCENTAGES IN BLADES SUPPLIED WITH GLUCXISE 
WITH AND WITHOUT POTASSIUM FERRICYANIDE (3.292 GM/1) FOR 24 HOURS 


Series Moisture Reducing sugars Sucrose Total sugars 

Initial control 67.69±:0.033 a.694±0.000 2.676±:0.011 3.610±0.012 

Glucose 64.10±0.014 3.106±0.016 6.793±0.009 10.267±0.006 

Glucose + ferricyanide 63.38±0.038 4.765±0.003 5.141±0.029 10.177±0.028 


gains in sugars and the synthetic efficiencies are reported in Table LXXVII. The 
percentages of fructose and glucose are set out in Table LXXVTII Potassium fer- 
ricyanide considerably decreased the synthetic efficiency and caused an accumulation 
of glucose but not fructose, which indicates that it interfered with the conversion of 
glucose to fructose and with the synthesis of sucrose. 

TABLE LXXVII 

GAINS IN SUGARS AND SYNTHETIC EFFICIENCY OF BLADES SUPPLIED WITH 
GLUCOSE WITH AND WITHOUT POTASSIUM FERRICYANIDE (3.292 GM/1) 
FOR 24 HOURS, CALCULATED FROM TABLE LXXVI 


Gain in Gain in Synthetic 

Series total sugars sucrose efficiency 

Glucose 6.747 4.118 61.03 

Glucose -U K ferricyanide 6.667 <2.466 36.98 


TABLE LXXVIII 

FRUCTOSE AND GLUCOSE PERCENTAGES IN BLADES SUPPLIED WITH GLU- 
COSE WITH AND WITHOUT POTASSIUM FERRICYANIDE (3.292 GM/1) FOR 


24 HOURS 

Gain in Gain in 

Series Fructose fructose Glucose glucose 

Initial control 0.230±:0.006 0.464zt 0.006 

Glucose 0.710±0.040 0.480 2.395±0.057 1.931 

Glucose + K ferricyanide 0.730±0.011 0.500 4.034±0.014 3.570 


24. Thymol: 

Thymol, a common antiseptic, was used in one test, the results of which are pre- 
sented in Table LXXIX. The gains in sugars and synthetic efficiencies are recorded 
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TABI-E LXXIX 

MOJBTUEE AND 8UGAB PEEOENTAGBS IN BLADES SUPPLIED WITH GLUCOSE 
WITH AND WITHOUT THYMOL (3 GM/1) POE 24 HOUES 


Series Moisture Eeducing sugars Sucrose Total sugars 

Initial control 71.95±0.063 1.094±0.018 3.648±0.006 4.830±0.011 

Glucose 72.13:^:0.033 1.666±0.011 6.664±0.000 7.602±0.010 

Glucose + thymol 71.89±0.071 2.188±0.018 4.788±0.019 7.220±O.O39 


in Table LXXX, and the percentages of fructose and glucose in Table LXXXI. 
Table LXXX shows that thymol decreased the synthetic efficiency from 74.51 to 
51.68. Table LXXXI shows that thymol increased the gain in glucose and de- 
creased the gain in fructose, indicating that thymol interfered with the conversion 
of glucose to fructose. 


TABLE LXXX 

GAINS IN SUGARS AND SYNTHETIC EFFICIENCY OF BLADES SUPPLIED WITH 
GLUCOSE WITH AND WITHOUT THYMOL (3 GM/1) FOB 24 HOURS, CALCU- 
LATED FROM TABLE LXXIX 


Gain in Gain in Synthetic 

Series total sugars sucrose efficiency 

Glucose 2.692 2.006 74.51 

Glucose + thymol 2.399 1.240 51.68 


TABLE LXXXI 

FRUCTOSE AND GLUCOSE PERCENTAGES IN BLADES SUPPLIED WITH GLU- 
COSE WITH AND WITHOUT THYMOL (3 GM/1) FOR 24 HOURS 


Gain in Gain in 

Series Fructose fructose Glucose glucose 

Initial control 0.447±0.023 0.647± 0.027 

Glucose 1.217±0.008 0.770 0.438±0.004 —0.209 

Glucose + thymol 0.766±0.044 0.319 1.422±0.026 0.775 


25. Sodium chlorate and sodium pentachlorophenate : 

The effect of these chemicals upon synthesis was studied because they are com- 
monly used as a weed killer. Sodium chlorate is readily absorbed by leaves or roots 
and is translocated in the xylem, killing the tissues. The exact mechanism of kill- 
ing is not known. Crafts (13) stated that its effect may be due to its high oxidizing 
potential, to the presence of pentavalent chlorine, or to complete oxidation of res- 
piratory chromogens. Hance (28) reported that chlorate liberates free or nascent 
oxygen, which supposedly destroys weed tissues. Gay (26) studied the effects of 
the H.S.P.A. Activator (sodium pentachlorophenate), and found that it promotes 
faster and deeper penetration of toxic chemicals into plants ; it competes with the 
plant for carbon dioxide and oxygen, it decreases transpiration, and it destroys the 
enzyme diastase. 

For the synthesis test, 0.2 per cent pentachlorophenate and 0.22 per cent chlorate 
were used. These weak concentrations were chosen so as not to kill the blades but 
to produce partially toxic conditions. The blades given pentachlorophenate were 
streaked with red along the veins and midrib for the lower third of the blade, while 
the blades given chlorate exhibited no discoloration. The results are recorded in 
Table LXXXII, The gains in sugars and the synthetic efficiencies are presented in 
Table LXXXIII, and the percentages of fructose and glucose in Table LXXXIV. 
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TABLE LXXXn 

MOISTURE AND SUGAR PERCENTAGES IN BLADES SUPPLIED WITH GLUCOSE 
WITH AND WITHOUT SODIUM PENTACHLOROPHENATE (0.2%) AND SODIUM 
CHLORATE (0.22%) FOR 24 HOURS 


Series Moisture Reducing sugars Sucrose Total sugars 

Initial control 67.11±0.024 0.50D±0.003 2.333±0.005 2.966±0.002 

Glucose 64.57±0.029 1.531±0.003 5.439±0.008 7.266±0.011 

Glucose -i- Na pentachloro- 

phenate 65.79±0.024 2.070±0.019 3.991±0.019 6.271±0.039 

Glucose + Na chlorate 64.31±0.033 1.467±0.019 4.568±0.032 6.264±0.014 


TABLE LXXXIII 

GAINS IN SUGARS AND SYNTHETIC EFFICIENCY OF BLADES SUPPLIED WITH 
GLUCOSE WITH AND WITHOUT SODIUM PENTACHLOROPHENATE (0.2%) 
AND SODIUM CHLORATE (0.22%) FOR 24 HOURS, CALCULATED FROM TABLE 
LXXXII 



Gain in 

Gain in 

Synthetic 

Series 

total sugars 

sucrose 

efficiency 

Glucose 

4.300 

3.106 

72.23 

Glucose -f Na pentachlorophenate . . . 

3.315 

1.658 

50.01 

Glucose -{- Na chlorate 

3.308 

2.225 

67.26 

TABLE 

LXXXIV 




FRUCTOSE AND GLUCOSE PERCENTAGES IN BLADES SUPPLIED WITH GLU- 
COSE WITH AND WITHOUT SODIUM PENTACHLOROPHENATE (0.2%) AND 
SODIUM CHLORATE (0.22%) FOR 24 HOURS 




Gain in 


Gain in 

Series 

Fructose 

fructose 

Glucose 

glucose 

Initial control 

0.568±0.009 


0.000±0.000 


Glucose 

0.848±0.()05 

0.280 

0.683±0.002 

0,683 

Glucose -f- Na pentachlorophenate .. 

0.681 ±0.003 

0.113 

1.388±0.016 

1.388 

Glucose -f- Na chlorate 

0.634±0.014 

0.066 

0.832±0.005 

0.832 


Both chemicals decreased the absorption of glucose as shown by the gains in total 
sugars. The pentachlorophenate decreased the synthetic efficiency and increased the 
gain in glucose more than the chlorate did. These findings indicate that •both chem- 
icals interfered with the conversion of glucose to fructose and with the synthesis of 
sucrose, and that the effect of pentachlorophenate was worse than that of the 
chlorate. 


Summary 

The effects of the following inhibitory agents upon the interconversion of glu- 
cose and fructose and the formation of sucrose in detached blades of the sugar cane 
plant are reported herein: cyanide, pyrophosphate, azide, 8-hydroxyquinoline, 
iodoacetic acid, arsenite, selenite, fluoride, malonate, acenaphthene, chloroform, 
dinitrophenol, ethyl alcohol, histidine, phloridzin, quinine, urethane, brilliant aliza- 
rine blue, rosinduline GG, iodine, silver nitrate, copper sulphate, sodium diethyl- 
dithiocarbaniate, potassium ferricyanide, thymol, sodium pentachlorophenate, and 
sodium chlorate. 

Sodium cyanide (0.049 gms/liter) did not inhibit either interconversion or syn- 
thesis. 
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^ Sodium pyrophosphate (8 gm/liter) did not inhibit either interconversion or 
synthesis. 

Sodium azide (0.05 gm/liter) did not inhibit either interconversion or synthesis, 
but did decrease the synthetic efficiency from 84 to 78. 

8~hydroxyquinoIine did not inhibit either interconversion or synthesis. 

Since some of the more important inhibitors of iron-catalyzed reactions and cop- 
per-catalyzed reactions did not inhibit synthesis, it would seem that the oxidases, 
peroxidases, catalase, and other enzymes containing iron or copper are not involved 
in the synthesis of sucrose. 

lodoacetate (0.0001 M) did not inhibit either interconversion or synthesis, 
whereas a strong concentration (0.01 M) completely inhibited both interconversion 
and synthesis. This would indicate that the processes of fermentation beginning 
with triose phosphate dehydrogenase are not involved in the synthesis of sucrose. 
Some process which is inhibited by 0.01 M iodoacetate is essential for synthesis. 
This process may be the phosphorylation of glucose by hexokinase. 

Sodium arsenite (100 p.p.m. As) completely inhibited both interconversion and 
synthesis. 

Sodium selenite (100 p.p.m. Se) completely inhibited both interconversion and 
synthesis. 

Detached blades supplied with water in the light accumulated glucose but not 
fructose, when given either arsenite or selenite. Since blades known to be supplied 
with glucose accumulate glucose, and blades known to be supplied with fructose 
accumulate fructose, in the presence of arsenite or selenite, the results obtained with 
blades in water in the light in the presence of these poisons, constitute strong evi- 
dence that the first sugar formed in photosynthesis is glucose alone. 

Sodium fluoride (47 p.p.m,-380 p.p.m. F) depressed both interconversion and 
synthesis. The effect of fluoride was not as bad as that of iodoacetate. arsenite, or 
selenite, since even 380 p.p.m. F ( = 0.02 M) did not inhibit synthesis completely. 

Sodium malonate (0.5%) did not inhibit either interconversion or synthesis, but 
did decrease the synthetic efficiency from 68 to 58. 

Acenaphthene (0.1%) appeared to aid both the conversion of glucose to fructose 
and the formation of sucrose. 

Chloroform decreased both the conversion of glucose to fructose and the syn- 
thesis of sucrose. 

Dinitrophenol (50-100 p.p.m.) appeared to diminish synthesis a little. 

Ethyl alcohol (2-5%) appeared to raise the synthetic efficiency a little. 

Histidine appeared to increase synthesis a little, particularly in 6xl0~^ M con- 
centration. 

Phloridzin (0.01 M) had no effect upon either interconversion or synthesis. 

Urethane ( 1 % ) had no effect upon either interconversion or synthesis. 

V Brilliant alizarine blue (4.9x10"® M) inhibited synthesis. More glucose than 
fructose accumulated whichever sugar was supplied, indicating that brilliant aliza- 
rine blue did not inhibit the conversion of fructose to glucose but may have decreased 
the ccmversion of glucose to fructose. 

Rosinduline GG (1.87 gm/liter) cut the synthesis of sucrose in half. More glu- 
cose than fructose accumulated whichever sugar was supplied, which indicates that 
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the dye had no deleterious effect upon the conversion of fructose to glucose but may 
have decreased the conversion of glucose to fructose. 

Since dyes which are known to inhibit the conversion of hexose monophosphate 
to fructose diphosphate, have been found to prevent the formation of sucrose, it is 
concluded either that the dyes exert a specific effect upon synthesis or that phos- 
phorylation of glucose must proceed as far as the fructose diphosphate stage for the 
synthesis of sucrose to take place. 

Iodine, silver nitrate, and copper sulphate (M/50,000) each increased the syn- 
thetic efficiency a little. Neither iodine nor copper sulphate affected the conversion 
of glucose to fructose significantly, but the effect of silver nitrate in depressing the 
conversion of glucose to fructose may have been significant. 

Since iodine, silver nitrate, and copper sulphate, all in M/50,000 concentration, 
are known to inhibit the breakdown of fructose diphosphate by zymohexase, it 
would appear that inhibiting the action of zymohexase aids the synthesis of sucrose. 

Because inhibiting the formation of fructose diphosphate inhibits synthesis, 
whereas inhibiting the breakdown of fructose diphosphate increases synthesis, fruc- 
tose diphosphate may be a stepping stone necessary for the formation of sucrose' 
from glucose. 

Sodium diethyldithiocarbamate (2xlO"®M) had little if any effect upon syn- 
thesis. Since this chemical is known to inhibit succinic dehydrogenase, this enzyme 
evidently plays no part in the formation of sucrose from glucose. 

Potassium ferricyanide (3.292 gm/1) interfered with the conversion of glucose 
to fructose and with the synthesis of sucrose. 

Thymol (3 gm/1) decreased both the transformation of glucose to fructose and 
the formation of sucrose. 

Sodium chlorate (0.22%) and sodium pentachlorophenate (0.2%) both de- 
pressed the conversion of glucose to fructose and the synthesis of sucrose. The 
effect of sodium pentachlorophenate was worse than the effect of sodium chlorate. 
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The Primary Index, Its Meaning and Application to Crop 
Management With Special Reference to Sugar Cane* 

By Harry F. Clements and T. KuBOXAf 

The single prime motivating force in the production of crops is atmospheric en- 
ergy, in the forms of heat and light. Soil factors as well as certain internal plant 
factors tend to preclude the realization of maximum yields in any given area. Hence 
it is desirable for a grower to be able to follow some index within the plant which 
integrates these factors in relation to the available energy. This index is the Pri- 
mary Index and is the total sugar level of the elongating cane sheaths expressed as 
per cent of the dry matter. The basis for the selection of this tissue is reported in 
part one of this paper. 

The significance of the fluctuations of the primary index is reported in part 
two. As the external factors, sunlight and temperature, increase, the primary index 
rises. As they decrease, the primary index falls. To the internal plant factors, mois- 
ture and growth, the primary index is inversely related. As these fall, the primary 
inde.v rises. In these studies the factors of soil nutrients such as K and F were at 
such high levels that their influences on the primary index were not discernible. 
Nitrogen influences the primary index indirectly as it affects the moisture level. 

In part three, the use of the primary index in managing field crops is shown for 
seven crops. 


Introduction 

In 1940 the senior author published data showing the quantitative relationship be- 
tween yield of sugar cane and the available atmospheric energy. In those data there 
were evident no indications of soil nutrient nor soil moisture deficiencies. The enor- 
mous differences in yield observed between the plantings at Waipio and Kailuaf . 
were traceable to differences in the intensity of sunlight and its absorption at the j 
two locales. “Since differences in atmospheric conditions are so marked, it seems, 
clear that the fertilizer requirement of a crop will differ from area to area and from 
year to year. Therefore, in order to best integrate the growth of cane with the un- i 
predictable weather, it is necessary to follow some index within the plant which will i 
describe its reaction to the various elements of its surroundings.^' (3, p. 150.) 

Since the publication of that paper, many more data have been compiled, which 
now may be used to elaborate upon and substantiate the general concept as stated 
above. In approaching the production of crops from this biodynamic view, the 
grower is confronted with the realization that the single, prime motivating force in 

* Published by permission of the Director of the Hawaii Agricultural Experiment Station as 
Technical Paper No. 111. 

t Grateful acknowledgment is here expressed to the Experiment Station, H.S.P.A. and to 
the staffs of the substations at Waipio and Kailua for the many forms of assistance given to 
tliis work. 

t Waipio and Kailua are located on the island of Oahu and are about 15 air miles apart, 
Waipio is on the leeward side and is in a high-sunlight, low-rainfall area. Kailua is on the wind- 
ward side and is in a low sunlight, moderate rainfall area. 

THE HAWAIIAN PLANTERS' RECORD, Vol. 47, No. 4, 1943. 
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I the growth of plants is the energy available to them from light and heat. Thus the 
j theoretical maximum yield of a given crop in a given area is determined by the ener- 
* gy available to the crop. Once that yield for a given variety is reached, the addition 
j of fertilizers to the soil to increase further the intensity of nutrition is pointless and 
i wasteful. 

I To achieve these maximum yields requires the complete absence of deterring fac- 
j tors. Such factors may be both internal and external. The internal factors include 
the restrictions placed upon the whole plant by its conductive systems, leaf structure, 
I root expanse, protoplasmic sensitivity to high energy levels, the variously induced 
I idiosyncrasies of the organism, etc. The external factors which are deterrents to 
' maximum efficiency are moisture insufficient to permit the plant the maintenance of 
a happy balance with the energy it is receiving, insufficient soil nutrients interfering 
with the normal integration of the physiological processes operating within it, insuf- 
ficient soil oxygen and heat interfering with the respiration of the absorbing capacity 
of the roots thereby interfering with their work of growth, water and nutrient ab- 
! sorption, the presence in the soil of materials toxic to the particular plant, biotic 
: factors such as disease organisms, weeds, rodents, insects, and certainly not the least, 
man. Whatever the deterring factor may be, the plant reacts to it and as a result its 
; efficiency as a biodynamic organism is interfered with. In many cases when circum- 
stances are less than favorable, the plant undergoes internal reactions which tend 
toward preserving its life but at the expense of a greatly reduced efficiency (2). 

With such myriads of factors, all of them deterrents to the achievement of maxi- 
mum efficiency, the plight of the grower might be regarded as hoi>eless were it not 
for the fact that the plant itself is a sensitive organism and as such reflects its own 
well-being. Furthermore we may assume a certain spontaneousness on the part of 
the plant. XLextemal and internal factors are both favorable, we can assume that 
the plant will grow. Within each species of plants it should be possible to locate a 
process or index which is sensitive to the balance existing between the external ener- 
gy and the internal reaction to that energy. As the intensity of the atmospheric ener- 
gy varies, the plant reacts to it and the new state of balance arrived at should be 
reflected by the primary index. When such a primary index indicates undesirable 
trends, the specific secondary indices reveal the cause. In this way the plant itself is 
informing the grower of its hazards and, when such deterring factors are possible of 
correction, the grower may come close to realizing maximum returns from the energy 
available. 

Perhaps even more important is the fact that in low-energy areas, where high 
yields are impossible, relatively high efficiency, however, is possible. The attention of 
a grower in a low-energy area should not be directed toward the high yields achieved 
in high-energy areas, but rather toward the efficiency achieved by his own crops 
under his particular weather and energy conditions. When such a grower sees how 
much fertilizer and water are used in high-energy areas, he is inclined to use the 
same quantities. Such practices are not only futile and wasteful, but are frequently 
injurious to quality, as will be shown presently. 

It IS fortunate for this type of work that apparently there is no energy area in 
the Territory which exceeds the growth and assimilation capacity of sugar cane ; 
as a matter of fact, many areas are considerably below such maxima. 

Early in these studies it became apparent that the temporary storage of sugars 



259 


in such organs as the leaf sheaths was correlated with the balance between photo- 
synthetic production on the one hand and utilization or growth on the other, as re- 
lated to the environmental condition. Thus as the total sugar level of the sheaths 
was maintained at about ten per cent (dry weight), there appeared to be a balance 
between these two contrasting processes. As the sugars dropped below that general 
level, it was apparent that the growth rate was relatively greater than the rate of 
photosynthetic production. Such a condition usually obtains during periods of high 
temperatures, both night and day, especially when associated with conditions of ex- 
cessive tissue hydration and cloudiness or low light intensity. Obviously under such 
conditions the sugar content of the cane itself does not keep pace with the addition 
of new cane. Further, if the growth rate is of such magnitude that it greatly ex- 
ceeds photosynthetic production, even the permanent reserve which was already laid 
down is drawn upon for growth. (It should not be presumed that in the life of the 
plant such conditions are not at times desirable.) It must be appreciated that any 
deficiency which will directly interfere with photosynthesis will also result in a re- 
duction of the sugar level of the sheaths. Fortunately, however, such cases seem 
very rare. In culture solution, where iron or magnesium deficiency are induced, re- 
sulting in marked chlorosis, even though the growth rate is very low or perhaps even 
at zero, the sugar level drops very much below the ten pe^r cent level. In the field 
there appears to be a condition which is sometimes observed in young crops, seem- 
ingly brought on either by a combination of inadequate irrigation and inadequately 
available nitrogen, or by waterlogging, especially on the heavy adobe soils. In a very 
young crop this combination expresses itself in a very marked yellow-browning of 
the leaves. As might be expected this chlorosis will impair the photosynthetic effi- 
ciency, hence the total sugars of the leaves will drop, even though growth may be at 
a standstill. However, this condition is so easily detected either superficially or by 
the moisture and nitrogen indices that it should cause no difficulties. 

As the sugar level of the sheaths rises, it is indicative in general of the reverse 
condition. When conditions are such that the photosynthetic production exceeds 
utilization of the product, there is an accumulation of sugar in the sheaths. Circum- 
stances bringing about this condition are low temperatures associated with bright 
weather, low tissue hydration induced either by less than adequate rainfall or irriga- 
tion or by very low nitrogen levels within the plant. 

Objectives 

The objectives of this paper are threefold: 

(1) The selection of the most reliable tissue within which the process of tem- 
porary sugar storage correlates with the factors of sunlight, temperature, moisture, 
growth, and such other factors as may affect the biodynamic balance between the 
plant and its total environment. Thus the level of sugar in that tissue will be the 
primary index. 

(2) The meaning of the variations observed in the primary index. 

(3) The application of the primary index in crop management. 

Experimental 

The general experimental procedure has already been described (4, 5). The data 
on which this paper is based are a part of the general project on which earlier papers 
were published. 
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Carbohydrates were fractionated into reducing sugars, sucrose and hydrolyzable 
polysaccharides. For the reducing ^sugars and sucrose, two-gram samples (dry and 
finely ground) were extracted under reflux with 80 per cent ethyl alcohol for three 
hours in a water bath. The alcoholic extract is filtered off the residue, and evapo- 
rated to near dryness under reduced pressure. The resulting residue is taken up 
with water, made to volume, cleared with lead acetate and deleaded with disodiuni 
phosphate. Aliquots of the cleared solution are taken for inversion with invertase 
scales. Aliquots of the first solution as well as of the inverted solution are taken for 
the determination of reducing sugars and total sugars following the method of Qui- 
sumbing and Thomas (1, pp. 138-139). Sucrose is determined by difference. In 
this paper, only the total sugar data are used. 

Data and Discussion 

Before proceeding toward the realization of the objectives of the paper, it is nec- 
essary to list the more important factors which influence the primary index. Since j 
the function of the primary index is to integrate the factors which will describe the \ 
balance within the plant in relation to its environment, it is clear that some of these 
must be external and others internal. The most important external factors are, of 
course, sunlight and air temperature. Moisture may also he included as an external 
factor, but here it is treated as an internal factor. As has already been reported, the 
moisture content of the elongating cane sheaths is a very reliable index to the mois- 
ture status of the plant (4), and is itself the result of an integration by the plant and 
includes many factors such as available moisture, relative humidity, wind, vitality of 
the roots, etc. Since the primary index supposedly reflects the balance between pho- 
tosynthetic production and utilization by the plant, then obviously the growth rate 
must be included. Finally the three most commonly deficient soil elements, nitrogen, 
potassium, and phosphorus are included. These factors aj)i)ear to be sufficiently in- 
clusive so that correlations with the primary index are possible. Other factors un- 
doubtedly come to mind. The concentration of chlorophyll is one such. Chlorophyll 
determinations were not made, but superficially, at least, the chlorophyll concentra- 
tion is correlated with the total nitrogen and moisture. 

Measurements of each of the seven factors mentioned above are obtained as fol- 
lows: 

Sunlight: The intensity and duration of sunlight are measured by obtaining the 
daily difference between the curves obtained from black-bulb and white-bulb dis- 
tance soil thermographs. The black bulb is exposed directly to sunlight and the 
white bulb is placed within a regulation weather kiosk. The difference between the 
two curves is measured by means of a planimeter and converted to sunlight-degrees 
by dividing the area so measured by the area of 1 ® F. for twelve hours on the ther- 
mograph chart. Admittedly this is a crude measure of light. However, it has shown 
itself to be useful. The nature of the plant reaction to these values is in the same 
direction as for gram-calories per cm.^ per second as determined by a pyrheliometer, 
although somewhat weaker. Thus the relationships to be reported later may be re- 
garded as conservative. 

Temperature: The daily temperature values are compiled on the basis of weighted 
average values for a full 24-hour day and are read from the chart of the white-bulb 
thermograph. The area below the temperature curve is obtained for each 24-hour 
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period and divided by the area of 1° F. for 24 hours on the chart. In this way a ful- 
ly weighted average for the entire day is obtained. Both the black-bulb and white- 
bulb thermographs are checked once each five weeks against a standard mercury 
thermometer. To accomplish this most reliably, it is necessary to lower both bulbs 
into a container filled with water. When equilibrium has been reached, the tempera- 
ture of the water as reflected by the mercury thermometer is used as the standard, 
and corrections of the thermographs are made when necessary. 

Moisture: The moisture content of the elongating cane sheaths (the moisture 
index) expressed as the per cent of the green weight was used as the measure of 
the water relations of the plant. Expressing the moisture content on the dry weight 
of the tissue was found to be wholly undesirable since very large distortions were 
introduced. 

Growth: Ihe growth values for the crops are average elongations expressed as 
cm. per day. The measurements are made on twenty pilot plants in each plot, the 
same pilots being maintained throughout the crop cycle. Occasionally a pilot plant 
is destroyed by rats or accidental breakage and is abandoned. When this occurs 
early in the crop, a new plant is selected. The natural brown mark on the dorsal side 
of the topmost sheath bearing a visible dewlap is used as the measuring point. 

Nitrogen: The nitrogen index of the plant was used as a measure of the intensity 
of the nitrogen nutrition. As already re])orted, this index is the total organic nitro- 
gen content of the elongating cane blades expressed as per cent of the dry matter. 

Potassium: The j)otassium inde.x of the plant is the potassium content of the 
elongating cane sheaths expressed on the basis of the sugar-free dry weight. The 
data on which this statement is based will he published shortly. 

Phosphorus: The phosi)horus index of the plant is the phosphorus content of 
the elongating cane sheaths expressed on the basis of the sugar-free dry weight. The 
data on which this statement is Irased will be published shortly. 

Since we are dealing with a rather large complex, it must be apparent at the out- 
set that the task undertaken is no small one. Certainly every one of the plant fac- 
tors listed above is somewhat dependent on all the other factors, both external and 
internal. 1 fence we are not dealing with simple or inde])eHdent relationshi])s. In one 
plot the whole course of the crop may be determined by a single factor. In another 
the course may be determined by another single factor or by a combination of two 
factors, or three, or four, etc. To proceed by trial and error to discover the situa- 
tion in each plot leads to tremendous numbers of calculations and, needless to say, 
defeats. It occurred to us that were we to combine all seveir factors at one time and 
use the method of multiple regression (7), we could determine not only the indi- 
vidual correlations and standard partial regressions of each, but the final multiple re- 
gression coefficient (R). From these statistics the relative importance of each fac- 
tor in each plot might be ascertained. By using these seven factors against the total 
sugar levels of each of the possible index tissues, we should by the level of R and by 
the apparent reasonableness of standard partial regressions select the most reliable 
index tissue and also determine the significance of the primary index as a tool for 
the guidance of the grower. 
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The Selection of the Primary Index Tissue: 

The primary index tissue has essentially the same requirements as any other in- 
dex tissue (5), but in addition it should be sensitive to the factors affecting the bal- 
ance between the physiological processes of the plant as related to the environment 
in which the plant is growing. The possible tissues meeting all these requirements 
are the green-leaf sheaths, green-leaf blades, the elongating cane sheaths and the 
elongating cane blades. 

In the earlier phases of this study the first five factors listed above were used. 
Because of the tremendous number of calculations involved, it was considered most 
advantageous to select the index tissue at this stage of the study and thus reduce the 
amount of mathematical work. The R values resulting from the multiple regression 
were calculated for each of the four possible tissues for each of the sixteen plots and 
are reported in Table I. Following these calculations, the most important factors in 
each crop were selected. These were selected as the ones making the greatest contri- 
butions to the R values and are reported in Table 11. 


TABLE I 


MULTIPLE CORRELATION COEFFICIENTS! 
(5 Factors)) 



Elongating 

Green-leaf 

Elongating 

Green-leaf 


cane sheaths 

cane sheaths 

cane blades 

cane blades 

Waipio: 

Plot At 

8696 1 

.8667t 

.6722 

.8340* 

B 

8835t 

.91751 

.8237* 

.91021 

C 

9045t 

.7854 

.7590 

.8403* 

D 

7519* 

.83821 

.7484* 

.7685* 

BA 

88691 

.86921 

.86531 

.82331 

BB 

7289* 

.8555t 

.6973 

.6469 

BC 

6637 

.6609 

.6280 

.7181 

BD 

4921 

.8056* 

.6806 

.6432 

Kailua: 

Plot A 

7424 

.6866 

.6231 

.4489 

B 

9002t 

.9229t 

.7302 

.89021 

C 

8009* 

.84871 

.7773* 

.7500* 

D 

9189t 

.88911 

.83181 

.91811 

BA 

7124 

.82861 

.7336* 

.89061 

BB 

7721t 

.82691 

.85991 

.78091 

BC 

80271 

.7495* 

.6580 

.6394 

BD 

5709 

.5944 

.7648* 

.5779 


^ No mark indicates no statistical significance. 

• Indicates statistical significance between the 5 and 1 per cent levels, 
f Indicates statistical significance beyond the 1 per cent level. 

t Plots A, B, C and D at each place are plant crops and differ from each other in the time 
of planting. Plot A was planted July 28, 1938. The others followed at intervals of three 
months. Plots RA, BB, etc., are the ratoon crops following the corresponding plant crops. 
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TABLE II 

MULTIPLE CORRELATION COEFFICIENTS 
(Most Pertinent Factors) 



Elongating 
cane sheaths 

Green -leaf 
cane sheaths 

Elongating 
cane blades 

Green-leaf 
cane blades 

Waipio: 

Plot At 

8463 f 

.85881 

.6704 

.7453* 

B 

8814t 

.91701 

.81661 

.90921 

C 

9042 1 

.78461 

.7443* 

.8347+ 

D 

6863* 

.79001 

.6716* 

.5827 

RA 

8563 1 

.81511 

.85011 

.75881 

RB 

72591 

.83901 

.7097* 

.6712* 

RC 

66261 

.6497* 

.6038* 

.6424* 

RD 

4855 

.7072* 

.6657* 

.6441* 

Kailua: 

Plot A 

7382* 

.6526 

.5949 

.4730 

B 

89931 

.90831 

.7238* 

.87471 

0 

79391 

.80981 

.74771 

.710ft* 

I) 

91421 

.84801 

.81081 

.89101 

RA 

67861 

.82581 

.72491 

.84581 

RB 

77001 

.82151 

.85871 

.77841 

RC 

76781 

.7105* 

.6569* 

.6257 

RD 

5426 

.5929 

.75421 

.5081 


(*, f , t — See explanation in Table I.) 


An examination of the significance of the multiple correlation coefficients in 
Tal)les I and II shows the rather marked superiority of the sheath tissues over the 
corresponding blade tissues and we need not concern ourselves further with the 
latter. 

Idle choice between the elongating cane sheaths and the green-leaf cane tissues is 
not an easy one to make since both seem to be exceptionally good for the purpose of 
the primary index. Table I shows a slight superiority for the green-leaf cane sheaths 
over the other where all five factors are involved in the calculations. Table II, show- 
ing the most pertinent factors, shows the two tissues to be of about equal value. 
These values are, of course, quantitative, Init when the qualitative as}>ect of each 
multiple correlation is examined, it is apparent at once that the green-leaf cane 
sheaths are considerably more sensitive to the moisture, often to the near exclusion 
of the other factors. 

Such a situation is not desirable in an index which should tend toward equating 
all the factors in the plant's environment. The leaf blades are similarly overly sensi- 
tive to the moisture level. Such sensitivity is indeed curious, for the moisture level 
used in this study is that of the elongating cane sheaths. It will be remembered that 
the moisture levels of the green-leaf cane sheaths and the green-leaf cane blades 
were markedly inferior to tho.se of the elongating cane sheaths as the moisture in- 
dex (4). Yet the total sugars of the old sheaths and blades are more nearly related 
to the moisture index than is the tissue on which the moisture index is based. Prob- 
ably the explanation is to be sought in the commonly observed fact that older leaves 
of plants are marginal in the moisture sphere of the plant, and hence it is there tliat 
processes are most affected by the moisture level of the plant. At any rate it seems 
reasonable that such tissues are less desirable as a primary index tissue than are tis- 
sues which, although as reliable, give less weight to a single factor. It is clear, of 
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course, that such factors as sunlight, growth, nitrogen and temperature are all perti- 
nent to the energy equilibrium which is sought in the total sugar level. For these 
reasons the total sugar level of the elongating cane sheaths remains, at least for the 
present, is that best suited to integrate the factors of the environment in relation to 
the plant, and is therefore selected as the primary index. 

The Meaning of the Primary Index: 

Before using the primary index in managing a crop, it is necessary to be aware 
of the meaning of the variations within it. At the present stage it is not possible to 
give a complete picture of its equating capacities since not all the possible environ- 
mental circumstances have l)een encountered during the past four years in the six- 
teen crops which were grown. However, the influences of sunlight, temperature, 
growth and moisture seem clearly established. An important start has been made to- 
ward an understanding of the influences of the nitrogen, phosphorus and potassium 
levels upon the behavior of the plant. The problems of the influences of low calcium 
and magnesium as well as high calcium, magnesium and sodium are only now being 
undertaken. 

In this section it is necessary to rely almost wholly on the statistical method of 
multiple regression (7). Using this method three statistics are derived, one, the sim- 
ple correlation between each of the seven factors and the total sugars of 'the elongat- 
ing cane sheaths, and two, the standard partial regression between each of the seven 
factors and the total sugars of the elongating cane sheaths. (The latter may be de- 
fined as the measure of regression between one factor and the total sugar when the 
variations of the other six factors [in this case] are neutralized.) Third, from these 
values, the multiple correlation coefficients (R) reported in Tables 111 and IV are 
obtained from the following formula: 

R“=(ryl) (ft’ 0 . 12346 ( 0 '^ "^(Uo) (A'0. 012345) 

Subscript 0 refers to the phosphorus index of the plant and is the I* content of 
the elongating cane sheaths expressed as per cent of sugar- free dry weight. 

Subscript 1 refers to the potassium index of the plant and is the K content of the 
elongating cane sheaths expressed as per cent of the sugar-free dry weight. 

Subscript 2 refers to the sunlight record expressed as sunlight-degrees (see text 
for complete description). 

Subscript 3 refers to the growth rate of the cro]) expressed as centimeters per day. 

Subscript 4 refers to the nitrogen index of the plant and is the total nitrogen con- 
tent of the elongating cane blades expressed as per cent of the dry weight. 

Subscript S refers to the daily air temperature expressed as weighted averages 
per day in Fahrenheit degrees. 

Subscript 6 refers to the moisture index and is the moisture content of the elon- 
gating cane sheaths expressed as per cent of the green weight. 

y, in this case, of course, is the total sugar content of the elongating cane sheaths 
expressed as per cent of the sugar-free dry weight. 

r is the simple correlation coefficient, p is the symbol of the standard partial re- 
gression coefficient and R the symbol of the multiple correlation coefficient. 

Thus, ryo, ryi, ry 2 , etc., are the simple correlations between the total sugar con- 
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tent and the phosphorus index, the potassium index, the light intensity, respectively, 
etc. 

i^yo.123450 is the Standard partial regression between the total sugar content of 
the sheaths and the phosphorus index when all other six factors are held constant. 
/?yi. 023456 IS the Standard partial regression between the total sugar content and the 
potassium index when the other six factors are constant, etc. 

R 2 is the sum of the products of each pair of correlations and partial regres- 
sions, R, the multiple correlation coefficient is obtained from R-. 

In Table III the statistical analysis of the seven factors against the primary in- 
dex is recorded for each of the sixteen plots. Further, the data for the plant crops 
(A, B, C, D) are combined for each place and similarly treated. Then the ratoon 
crops (RA, RB, RC and RD) following the plant crops are combined and analyzed. 
This is done in an effort to determine the outstanding factors influencing crop growth 
in the two regions. Unfortunately because of rat damage and blossoming, growth 
data for the ratoon crops at Kailua were not relialfle and are not included. 

An examination of the data in Table III reveals that some of the values (corre- 
lations and ])artial regressions) are very low. Some of these pairs have opposite 
signs (+ and — ). Some, on the other hand, are high with the same signs. Some 
pairs are positive, others negative. Clearly some factors contribute much more to the 
value of R than others. The significance of R is determined by the analysis of vari- 
ance. As a result, the larger the number of factors used, the greater is the value of 
R required for significance. This fact together with the obvious reason that we are 
chiefly concerned here with an understanding of the primary index requires that in 
each ])lot the factors of imjxjrtance be separated from the others. Thus the most per- 
tinent factors are selected for each ])lot, the partial regressions and multiple corre- 
lations recalculated. These are reported in Table IV. The actual values for R are 
always somewhat smaller than the corresponding values in Table HI, but because of 
the smaller number of factors, the significance is relatively higher. 

Before discussing each factor as it is related to the primary index, it may prove 
heljjful to make a casual, over-all survey of Table IV. The columns headed phos- 
phorus, potassium, etc., with the greatest number of blanks indicate least importance 
relative to the primary index — those with lea.st blank s])aces are the most important 
in being associated with the variations in the primary index. It is apparent that the 
most important are sunlight, growth, and water. The least important are phosphorus, 
potassium and nitrogen. It must l)e cautioned that this will pro 1 )ably be the case only 
whe'fe these elements are sufficiently abundant so as not to be deterring factors. To 
continue the general summary of Table T V, at Kailua, a cloudy, non-irrigated area, 
the data show that three factors alone account for most of the variation of the pri- 
mary index — water being the most general, with sunlight and growth the other two. 
In no case are the factors of temperature, phosphorus and potassium associated with 
variations of the primary index and in only one case does nitrogen enter the picture. 
In other words whatever influences these factors may have played, their final effect 
on the sugar level of the sheaths was completely masked by water, sunlight and 
growth. To translate this discussion into field terms, during the periods when the 
primary index was high, the crop was suffering mostly from drought. In the later 
summer and fall, after rains came, the index was low because of excessive moisture 



TABLE III 

CORBELATION, PARTIAL REGRESSION AND MULTIPLE CORRELATION COEFFICIENTS OF SIXTEEN CROPS 
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and growth and cloudy weather. The phosphorus and potassium levels were such 
that at no time were they associated with the variations of the j:)rimary index. 

At Waipio where there is abundant atmospheric energy and where irrigation is 
practiced, the most important factor l)y far is growth, followed by temi)erature, sun- 
light, water, potassium, nitrogen and phosphorus. The nitrogen and ])hosphorus lev- 
els are associated with the variations of the primary index only in the plant crops. 
Potassium accounts for a fairly large ])art of the variations in the ratoon cr(y])s. 

It may be profitable now to describe the influences of each factor n])()n the j)ri- 
mary index somewhat in the order of importance. 

Growth: In every case botli the simple correlation and partial regression coeffi- 
cients are negative. The reader, of course, would antici])ate this relationship. As the 
growth rate s[)eeds up, more and more carbohydrate is used u]) and hence the tem- 
jjorary reserves such as the total sugars of the sheaths (the primary index ) will de- 
cline. Other things being equal when the growth rate declines, the reserves will rise. 
This relationship is one of cause and effect, as any grower well knows. 

At Waipio in both the combined plant and the ratoon crops, growth is the single 
most important factor in accounting for the variability of the i)rimary index. The 
combined plant crops at Kailua, however, show that growth was the least important 
of the three factors, the most im])ortant being water. These relationshi|)s signify 
that at Waipio, the cro|)s, on the whole, were nearer maximum efficiency than were 
those at Kailua where water was an im])ortant deterring factor. 

Water: In all cases the simple correlation and partial regression coefficients arc 
negative. When the moi.sture level of the plant is high, the proces.ses within the ])lant 
requiring carl lohyd rates may proceed until interfered with by other factors. Fur- 
thermore when the moisture level is high, the maximum levels of nutrients which the 
.soil can jwovide are achieved. There is a very high ])ositive correlation Vietween wa- 
ter and nitrogen, jiotassium, and pho.s])horus, re.sjiectively. So strong are these rela- 
tionshiiis that one is forced to wonder at the reliability of results obtained in ferti- 
lizer trials when the water level of the crop is not controlled. Another aspect of theses 
water-nitrogen relationships is seen when .soil water is abundantly available — if the* 
nitrogen levels of the plant and soil are near minimum, the moisture level of the ]:)lant| 
remains low until the nitrogen level is raised. This fact is of consideral)le importance 
to growers in the high-rainfall areas who generally cannot depend on dry weather to 
mature their crojv Were these growers to reduce the nitrogen aiq)lication to levels 
somewhat lower than needed by the crop, the\' could dry out their crops, at least 
throughout a large ])art of the year---even during wet weather! (.See Kailua ratoon 
crop logs in next section.) 

In Table IV the moisture levels of the Waipio crops (irrigated) were less fre- 
quently unfavorable than at Kailua. Only in Plots H and C and RP) and RC does 
moisture account for some of the variations in the [)rimary index. Undoubtedly this 
is so because the crops were thoroughly dried out in summer, prior to harvest. At 
Kailua, however, where irrigation was not available, water had a much more general 
effect on the primary index. Recurring droughts, especially during the plant cro|)s, 
caused uiiseasonal rises in the primary index. 

Thus because of the imi)ortant role played l)y water in the life of the plant, both 
as to its own internal processes as well as its ability to obtain .soil nutrients, it is ap- 
parent that whenever the primary index is high, the first possible cause to examine 
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is the moisture level. If the moisture level is low, soil moisture is the most likely 
limiting factor. If the soil moisture is adequate, and still the moisture level in the 
plant is low, then the plant is suffering from a nutrient deficiency (most probably 
nitrogen) or from inadequate soil aeration and low soil temperature. The last two 
factors are common causes in adobe soils following prolonged periods of heavy rain- 
fall. Frequently the plants lose their green color and hecome brownish-yellow. Un- 
der such conditions the primary index will become very low and might cause confu- 
sion were not the cause so obvious. Another cause of low moisture levels in tlie plant 
when soil conditions are favorable are high wind velocities associated with low rela- 
tive humidities usually occurring during the spring months. 

Sunlight: Talde IV shows that without exception the correlation and partial re- 
gression coefficients between sunlight and the primary index are j^ositive. That is, 
over the range of light intensities encountered by these crops, the greater the light 
intensity, the higher is the sugar level, other things being equal. It is common knowl- 
edge that beginning in February and sometimes extending well into July, juices are 
generally good. From July on, however, juices begin to deteriorate. In ]3art this situ- 
ation is explainable on the basis of sunlight and temperature and in ])art on the basis 
of moisture as affected by sunlight and tenq^erature. In general the duration and in- 
tensity of sunlight increase from the first of the year until July, after which both de- 
cline until near the year’s end. Associated with the increasing light intensity in the 
first half of the year l)Ut lagging behind it is the air tem])erature (6). Thus during 
this period the plant is building carbohydrates at a rapid rate, but because of the low- 
er tem])eratures growth is restricted, hence these carbohydrates tend to accumulate. 
Further, because of tlie low tem])eratures, there is a tendency to underestimate the 
moisture needs of the jdant, especially since during these cool, bright days the relative 
humidity of the air is low. All of these things combine to raise the ])rimary index 
and also the quality of cane juices. 

During the second lialf of the year, the situation changes strikingly even though 
gradually. As the intensity and duration of sunlight decrease, air tcm])eratures con- 
tinue to rise. Here radiant energy is lagging behind heat energy. Nights are warm, 
days are hot, and the relative humidity is higher in general than in spring. Coujded 
with this situation is the tendency toward more frequent irrigations resulting in high 
tissue hydration, rapid growth and, of course, ])oor juices. During this time of the 
year, good yields of good quality can only be effected through proper control of nu- 
trient levels (especially nitrogen ), and moisture. 

The generally higher importance of sunliglit at Kailua in relation to the primary 
index points to the obvious conclusion that the low intensities observed are the rea- 
sons for the generally low yields obtained. At Kailua when moisture is available, 
the ])rimary index is low because the growth made, even though much less than at 
Waipio, is excessive in relation to the energy available. 

Temperature : Within the range of temperatures recorded during these studies, 
the effect of temperature on the primary index is, with one excei)tion, positive. This 
observation may be difficult to reconcile with the statement regarding temperature in 
the last paragraph. The positive correlations and partial regressions simply mean 
that within the temperature range observed, other things being equal, the higher the 
temperature the higher the total sugar level. However, the higher the temperature 
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the higher is the growth rate, and since the growth rate has a larger influence on the 
primary index, the influence of temperature is usually masked. 

Nitrogen: The influence of nitrogen upon the primary index is somewhat more 
involved. In Table IV, at Waipio, nitrogen was an important factor in three cases, 
all plant crops. Here its effects are negative. But in these cases the nitrogen applied 
was excessive. When the nitrogen w’as applied as needed by the ratoons, it disap- 
pears as an important factor. At Kailua the nitrogen applied to the plant crops was 
also excessive but because of the dominant effect of moisture, nitrogen was of no 
significance in relation to the primary index. Kailua Plot RA, however, shows nitro- 
gen to be significant because of its high positive partial regression. Thus although 
the correlation was very weak and negative, the partial regression was positive and 
very important. Its im])ortaiice in this case is complementary to the effect of mois- 
ture. This influence will become clearer when the croj) log is examined in the next 
section. 

It perhaps may be helpful, however, to indicate some of the general influences of 
nitrogen observed in these studies. Reference to Table HI will show that the sirnjfle 
correlations between nitrogen and the total sugar levels are for the most ])art nega- 
tive. Where they are positive, they are usually weak. Six out (;f eight i)artial re- 
gressions for the plant crops, where the nitrogen ap])licd w^as excessive, are negative. 
In the ratoon crops where the nitrogen applied was more nearly that peeded, six of 
the eight partial regressions are positive, the other two negative. To be sure, most 
of these values are not significant and were it not for the fact that the nitrogen ques- 
tion is so often raised by growers, especially in those regions subject to |)erio(lic 
droughts followed by excessive rainfall, it would not be discussed here. 

The probable cause-and-effect relationships here deal with the su])i)ly of energy 
availal)Ie to the crop and secondly, the availability of moisture in relation to the 
energy availal)le. In ordinary field terms these relationships may l)e ex])ressed some- 
what as follows : when there are available generous su])i)lies of energy (both radiant 
and heat cou})led with sufficient moisture, the effect of nitrogen is to force growtli 
and, therefore, it tends to have an inverse effect upon the primary index. On the 
other hand when the sup])ly of energy, particularly heat, is relatively low' or when 
plants are experiencing deficiencies of moisture, the final effect of nitrogen is to l)e 
directly related to the primary index. Actually what may superficially appear to be 
a dual effect is really one effect. Common experience tells us that where nitrogen is 
limiting, the leaves are less green than where nitrogen is abundant. ( )ther things be- 
ing equal, abundant nitrogen thus implies greater vigor, higher metabolism, more 
chlorophyll, more photosynthesis. Hence under conditions of high temperature and 
moisture, increased nitrogen is correlated wdth increased growth and respiration. 
Under these conditions the stimulating effect of nitrogen on the rate of carbohydrate 
accumulation is not apparent. But a plant high in nitrogen growing under condi- 
tions which will restrain growth, more than it will restrain photosynthesis, will show 
a direct relation between nitrogen content and carbohydrate accumulation. 

This effect has been noted by growers in the low-energy areas, and sometime dis- 
astrous results obtain. In cold, cloudy areas which have the additional hazard of 
drought, the thought has developed that by fertilizing a field heavily, greater sugar 
yields will result. Also, several growers have felt that applying nitrogen during a 
period of drought will result in increased yields. Table HI shows positive evidence 
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supporting this contention, but as many of these growers know, the risks involved 
here are tremendous — greater than justify the practice. The effect of this treatment 
is essentially mild during the drought, but when the drought is broken, especially 
during periods of high temperature, there is only one result. The flush of moisture 
through the dry, well-aerated soil carries the nitrogen with it into the ])lant and once 
again the more ordinary effect of nitrogen comes into play — very rapid growth, 
greatly in excess of the radiant energy, and not only is there much absor]:)tion of 
water by the crop l)ecause of the excess nitrogen Init in addition there is an actual 
(IraiTi upon the stored carl)ohydrate so painstakingly accumulated during the period 
of drought. The result of this may be a large tonnage (much of which is pure water ) 
but a poor yield f)f sugar. 

Potassium: The influence of |)Otassium on the ]:)rimary index is not discernible in 
tliese studies, |)rimarily because the levels were generally high. Plot 1) at Waipio 
sIkjws a weak ])ositive correlation but a strong negative partial regression. The im- 
])ortance of this was to strengthen the partial regression of nitrogen. However, 
when the ])lant cro])s of Wai])io were combined, no such relationshi]) a])peared. At 
no time at Kailua was tliere any indication that ])otassium may l)e a limiting factor. 
The Waijjio ratoon crojjs show a negative relationship ])etween ])otassium and the 
total sugars. There api)ears to be no correlation between the potassium levels and 
growth. It is. difficult to determine whether the relationships l)etween ])otassium and 
total sugars are cause or effect. Other studies dealing with the influences of potas- 
sium are under way, however. .Since the relationshi]) is negative, it would mean that 
a deficiency of potassium would show itself in a high jirimary index and a low potas- 
sium index. 

Phosphorus: Phosphorus, as a factor affecting the ])rimarv index, is not impor- 
tant in these studies. At Kailua where the jihosphorus levels were generally lower 
than at Wai|)io, it was not associated with the variations of the total sugars. At Wai- 
])io it was of no im])ortance in any of the ratoon cro])s nor in the combined plant 
or ratoon crops, in Idot A at Waipio it forms tin important part but with an inverse 
influence. Plots P and 1) at Wai])io show it as a direct influence. S])ecial ])h()S])horus 
studies w'liich are now underway, indicate that the effect of marked ])hos})horus de- 
ficiency is toward a reduction of the sugar level, but the levels of phosiihorus in the 
])lants showing this deficiency effect are far below anything oliserved in tlie field 
studies being rej)orted upon. 

In summarizing this ])art of the jiajier, it may lie stated that the jirimary index 
reflects in its variations the balance between the external factors of sunlight and tem- 
])erature and the internal factors of growth and water. As the intensity of the ex- 
ternal factors increases, the primary index rises, and as the intensity of the internal 
factors, growth and water, increases, the primary index dro])s. Here, then, seems to 
be a simple guide which the grower may follow in managing his croj). The factors 
of soil nutrients zohcn maintaiucd at adequate levels are a])parently of no im])ortance 
in influencing the jiriniary index. The levels of R are generally higher for the plant 
crop than for the ratoons. It should be remembered that the i:>lant crojis were grown 
according to plantation methoils whereas the management of the ratoon cro|)s was 
determined by the primary index. As a result there was a reduction in the varia- 
tions of the primary index of nearly 50 per cent at Wai])io and 30 ])er cent at Kailua. 
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The Application of the Primary Index to Field Crops: 

In this portion of the paper a series of case records will be presented which were 
compiled as the crops grew. In the plant crops no attempt was made to guide them 
on the basis of the primary index. These crops were handled according to planta- 
tion practices and were used to establish the various indices. As the work of chem- 
ical analysis and growth measurements progressed, the apparent sensitivity of the 
total sugars of sheaths to factors of the environment showed itself. Thorough studies 
of it convinced us that it, indeed, was the most important index of all. This realiza- 
tion caused a revision in our estimate of the situation. Indices such as moisture, ni- 
trogen, phosphorus, potassium, calcium, etc., became secondary. By this, it is not to 
be presumed that we consider them of little importance, but rather that the i)rimary 
index reveals the status of the plant relative to its environment. When the primary 
index indicates an unfavorable position, the secondary indices are looked to for 
causes. When the plant crops were harvested and the ratoons begun, we undertook 
to grow these crops and manage them entirely on the basis of the various indices. 
Hence, seven field records will be presented and discussed according to Index rec- 
ords and the strategy used in each case. Four Waipio ratoon crops will be presented 
first, then two Kailua ratoons, and finally one Kailua plant crop. 

IVaipio Plot RA : 

In Fig. I the cro]) log* for the ratoon crop. Plot RA, is re])orted. The sunlight 
is expressed as sunlight-degrees averaged as daily averages for the five-week inter- 
vals. Next is the temiierature record expressed as the weighted 24-hoiir average. 
The nitrogen index is based on the total nitrogen content of the elongating cane 
blades (per cent dry matter). The curve below it is the moisture index which is the 
moisture content of the elongating cane sheaths expressed as ]xt cent of the green 
weight. The arrows below the moisture curve are dates on which irrigation water 
was applied. For Kailua, rainfall is plotted below the moisture curve. Below this is 
the potassium index which is the K content of the elongating cane sheaths expressed 
as per cent of the sugar-free dry weight. The next curve is the ])hosphorus index 
which is the P content of the elongating cane sheath expressed as per cent of the 
sugar-free dry weight. Below this is the primary index, which is the total sugar con- 
tent of the elongating cane sheaths expressed as per cent of the dry matter. In the 
lowest section of the figure are the growth rates of the crop reported as the average 
in centimeters per day for the thirty-five-day interval. At the bottom are the dates 
on which collections of samples were made. For several of the curves a line labelled 
“tentative normal’’ is drawn across the sheet. These lines are thought to be near the 
levels which are still adequate for maximum crop yields, although minor adjust- 
ments will be made as more experience is accumulated. The normal line for nitrogen 
is based upon the analysis of the whole leaf. The normal for moisture is based on 
the known growth behavior of the crop. The normal for potassium and phosphorus 
is based on analysis made of cane crops grown for many years at Waipio from plots 
which have received no potash or phosphate fertilization, but which have maintained 
their yields. The normal for the primary index is an approximation resulting from 
the sixteen crops grown in this study. AH of these “normals” should be regarded as 

* The late Hamilton P. Agee suggested the name * *■ crop log ^ ^ for such field records. The term 
may be defined as a record of the crop ^s progress from its beginning to harvest. 
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tentative, but at the same time they may he regarded as fairly close to the true normal. 

The ratoon crop was begun June 1, 1940. It followed an excellent plant crop 
which had been well matured. The records for the plant crop showed a high phos- 
])horus index and a moderate potassium index. Therefore, no phosphate was applied 
to the ratoon. Potash was applied at the rate of 200 pounds of K 2 O per acre (muri- 
ate). This was done simply as a safety factor, since not enough information had been 
as yet obtained to omit the jiotash with confidence. Nitrogen was applied immedi- 
ately at the rate of 100 pounds of nitrogen per acre as sulphate of ammonia. This 
seemed like a very heavy a|)])lication. but later it will lie seen that it was not unwise. 
Five irrigations were a])])lied lietween June 1 and July 31. Further irrigations are 
indicated on the field record, as arrows under the moisture index. During the first 
])art of the cycle, irrigations were made more or less by rule of thumb. Beginning in 
1941 the Wai])io su])S-ati()n ])Iace(l its irrigation on a day-degree basis. After this 
the irrigation interval was regulated l)y the numl)er of day-degrees experienced by 
the crop since the jjrevious irrigation. The numbers under the irrigation arrows rep- 
resent the accumulated day-degrees for each interval. 

With these explanatory reir.arks, we may now proceed to follow the crop log as 
it was compiled. 

August 2: The primary index was very high. However, this commonly occurs in 
the very young plants ])efore they begin rapid growth and if moisture and nitrogen 
are adequate, it ])resents no cause for alarm. 

September 6: The primary index dropped to a very low level and might be con- 
sidered dangerous. At that time of the year, with intense heat, that can only mean ex- 
cessive growth. Actually the growth rate was tremendous, averaging 2.4 cm. per 
day or nearly 2)4 feet per month. But at such an early stage of growth we need to 
take advantage of the growing conditions and force the cro]) as much as we can, for 
there will be several months of less favorable weather soon and during this period 
the crop can be hardened and prepared for lodging, and so we continue to push it. 
(Note: Reference to the nitrogen index on Se])tember 6, 1940, shows it to be drop- 
ping very rapidly. Were we basing our cro]) management solely on that curve, we 
would be inclined to apply more nitrogen. However, the primary index is very low 
indicating that nitrogen is not a deterring factor, hence no nitrogen is applied.) 

October 5: The primary index is rising but still is well below the ten per cent 
line. Moisture is also rising, hence we can lengthen the irrigation interval. Nitrogen 
is rising. Since no nitrogen was applied, it means that the absorption of nitrogen is 
continuing at a high rate but since the growth rate is slowing, the nitrogen is at a 
higher level in the plant. 

November 9: Growing conditions are worsening. The primary index is still ris- 
ing but is approaching normal. Nitrogen continues to rise. Moisture is normal. No 
change in management is made, 

December 13: Cloudy weather is upon us. The })rimary index drops. Moisture 
is normal. Nitrogen still rising. No change is made. 

January 18: The crop now is in cold weather. Growth for the next twt) or three 
months is likely to be very slow. The crop is nicely erect but is becoming tall. We 
may now take advantage of the cold weather to harden the crop without losing any 
important growing time. Further, we want the croj) in such a position that we can 
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again force it the coining summer. But if we do not harden it before it lodges, we 
may have it go down during a storm with resulting losses due to breaking and bury- 
ing, as experiences in the plant crops had demonstrated. Thus we cut irrigation fre- 
quency and impose a drying period U])on the crop. 

February 22: Evidence that drying is occurring is obtained from the moisture 
and nitrogen indices. The ])riinary index is still somewhat below normal. We con- 
tinue the reduced irrigation ap])lying water after 428 day-degrees. 

March 28: By this time drying is very pronounced. The primary index has risen 
above normal. Moisture is low and nitrogen is low. The season is advancing into 
favorable weather for growth again. Here, then, we reach another ])eriod requiring 
a decision. We can apply more water, but it is also clear that nitrogen will lieconie a 
limiting factor, hence we make the final a])]:)lication of nitrogen. The quantity to be 
added must be decided upon. The crop so far has received only the original appli- 
cation of 100 pounds. We know the sunlight which the crop has experienced to date. 
We look ahead and make a conservative estimate of the sunlight which the cro]) is 
likely to experience. To be doubly certain that the estimate is conservative, the last 
live months of the crop are not included in the estimate. We reason that if 100 
])Oiinds of nitrogen carried the cro]) through the energy available to date, then .r 
pounds should carry us through the forecasted amount. In this case the answer was 
70 ])ounds. The 70 pounds of nitrogen were applied with water on the day indicated 
by the arrow under the nitrogen curve. 

May 2: The primary index has stop])ed rising. Moisture and nitrogen have risen 
sharply. No change in program. 

June 6: The primary index has ri.sen sharply! Nitrogen is normal. Moisture is 
somewhat below normal. The crop is going down very satisfactorily but the primary 
index is too high. We change the irrigation program to a 250-day-degree interval. 

July ] J : The i)rimary index is better this time. No change in i)rogram. 

Aiiifust 22: 1lie primary index is a little high, but not seriously for the second 
year. With the rising temperatures looming ahead, there is a danger that the second 
l)Oom stage may cause a lowering of sugar. To be on the safe side, we add 50 day- 
degrees to the irrigation interval. This is done with caution because the crop is now 
at a critical point. If its growth during the next two months is excessive, the quality 
ratio will suffer. If the growth rate is checked severelr during the immediate period, 
there is danger of l)lossoming. Hence, only a mild lengthening of the irrigation pe- 
riod is effected. 

September 27 : The primary index is starting downward. Danger of lloral initia- 
tion is pretty well passed by now for 31-1389. The moisture index is al)ove normal. 
Growth is heavy. The irrigation interval is lengthened to 375 day-degrees. 

October 24: The primary index continues downward! The moisture index is 
still high. We have our tonnage by now. The harvesting schedule calls for the har- 
vesting of this crop early in April. The falling |)rimary index may l)ecome serious, 
hence something drastic needs be done. The last irrigation was ajiplied on October 
13. Harvest is six months away with very uncertain weather between now and then. 
We decide to stop irrigations at once. If, after a month or two, the moisture index 
begins to drop sharply, we can always ai)ply another irrigatioti. 
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November 29: The primary index continues downward. The moisture index is 
high. The nitrogen index has risen sharply. No change in program. 

January 2: Still the primary index declines. Moisture has dropped a little but is 
still normal. (Here after nearly three months without irrigations and only minor 
showers, the moisture index is normal — certainly a saving.) But now harvesting is 
only three months away. 

February 6: At last the primary index has risen sharply, maturation is underway. 
Moisture has dropped sharply, nitrogen is also dropping. 

March 13: The primary index is down again. Moisture has risen only slightly. 
Nitrogen is down. Certainly there is nothing in these curves to indicate the behavior 
of the primary index. When the weather records are consulted, the reasons are clear 
— low temperatures, cloudy weather and showers. The primary index need not 
frighten us, however, since with both moisture and nitrogen down, a little gqpd 
weather is all that is needed. 

April 17: The primary index is well up, moisture is very low and nitrogen is low. 
We could extend the crop for another month, but it is practically ready for harvest 
now. It is harvested and yields 110.4 tons of cane to the acre. The quality ratio is 
7.3. The sugar yield is 15.1 tons per acre.* 

Summary: During the first part of the crop cycle, the primary index was kept 
low by extremely heavy growth and high tem])erature. During the middle part, the 
primary index was in general high due to sunlight intensity and small growth. In 
the very last of the crop, moisture and sunlight and temperature were chiefly respon- 
sible for the primary index. These observations are verified by the correlations and 
partial regressions for the plot shown in Tables III and IV. In ])roducing this crop, 
twenty-six rounds of irrigation, 170 pounds of nitrogen and 200 i)ounds of potash 
were used. The potash probably was unnecessary since the potassium index was 
considerably above the tentative normal. The phosphorus index was also very high. 
Had another ratoon crop followed the present crop, there would have been no need 
for phosphorus or potassium fertilization. To reassure those who might question 
this statement, it may be pointed out that the phosphorus curve was much higher 
than that of the preceding plant crop despite the fact that no phosphate fertilizer 
was applied to the ratoon. So far as potassium is concerned, the curve is also con- 
siderably above normal, although in this case 200 pounds of potash were applied. 
Now were another ratoon being started, since the potassium level is known to l)e 
high, the new crop might be started without potash application. After the crop is 
underway for a while, an application can still be made should the potassium index 
indicate the necessity. However, with the level as high as it was, the chances for a 
need developing in the next crop are very small. 

* The yield data reported at the end of each crop log are regarded as rough estimates de- 
signed to give the reader an idea of the kind of crop produced. 

The tonnage figures of Waipio crops are based on the weight of cano in single plots within 
the larger plots, ranging in size from .023 to .069 acre. The juice data, that is the quality 
ratio values, are mill reports. 

The tonnages of the Kailua crops are based on the weight of cane from three sample 
lines within each plot. The juice datum of the Kailua plant crop is a mill record, while the 
juice data of the two Kailua ratoon crops are based on juice extracted by a small three-rolle^ 
mill together with the chemical analysis of sucrose in the cane. 
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IV aipio Plot RB: 

Plot RB (Fig. 2) was begun August 28, 1940, following the harvest of the plant 
crop. The plant crop had suflFered a good deal from breakage and also from rat 
damage, but what was there at harvest had been well matured. The phosphorus in- 
dex of the plant crop had been high, hence no phosphate was applied to the ratoon 
crop. As in RA, the potassium index was moderately high and until more specific 
information was available, we decided against taking the risk of leaving it oflf. Two 
hundred pounds of potash as muriate of potash are applied together with one hun- 
dred pounds of nitrogen as sulphate of ammonia. Again, this application of nitro- 
gen may seem excessive, but later events showed it to be wise. The soil is warm at 
this season, the stools coming from the plant crop had a good su[)ply of carbohy- 
drate material, and with two to three months of hot weather ahead, the crop can be 
forced vigorously. There is evidence in these crops that making a heavy initial ap- 
plication under such conditions contributes to the rai)id establishment of a dense 
stand of ratoon shoots. 

October 5: Growth was ra])id after only five weeks from the plant crop harvest. 
The primary index is normal, moisture and nitrogen are very high. No change in 
management. 

November 9: The primary index is U|), moisture is still very high and nitrogen is 
dropping. Growth is heavy. No change in management. 

December 20: All indices normal or .slightly above. ( It is interesting to note the 
very heavy growth that was made so late in the year, somewhat more than two feet 
since November 9. If we can get such growth by forcing the very young cro]^ as it 
enters winter, it is that much gained.) 

Janmry 18: All indices normal, growth is sharply reduced, ])ut still very good 
for the season. 

February 22: Primary index is dro])ping, but so early in the cycle, this is not 
alarming. Moisture is dropping, but de.spite a light irrigation ])rogram, it is still nor- 
mal. We could shorten the interval between irrigations, hut there isn’t much to lose 
at this season of the year. Besides, hardening is taking jdace. 

March 28: The primary index is u]). Moisture has (lro])])ed sharply and the ni- 
trogen curve is continuing downward. Hardening continues. The crop is in excel- 
lent shape and still in very good color, although we could risk the cro]) going down 
now, we decide to let it go for another ]:eriod. 

May 2: The ])rimary index is .still above normal. Moisture is .still low and nitro- 
gen continuous downward. More frequent irrigations are decided upon, but l)ecause 
of some difficulty with water, only one irrigation was made before the end of the 
period. 

June 6: The primary index is above normal. Moisture is actually lower than on 
May 2. Nitrogen is still dropping. Now we are being confronted with a serious sit- 
uation. Because of the fact that irrigations were not satisfactory, we cannot be cer- 
tain that nitrogen is really becoming limiting. If we apply nitrogen without knowing 
that the plant has exhausted its supply, we are likely to add excessive amounts. 
Hence, we delay applying nitrogen but we hasten irrigations. 

July 11: The primary index is about the same, moisture is rising satisfactorily, 
but the nitrogen index is still dropping. Hence we can now be reasonably certain 
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that the crop has used up most of the original 100 pounds. With warm weather upon 
us, we determine the amount of nitrogen to add on the basis of the sunlight expe- 
rienced in relation to the contemplated sunlight. This works out to 80 ix)unds. The 
nitrogen is applied in the irrigation water and the irrigation interval is shortened to 
200 day-degrees. 

August J6: Moisture and nitrogen have both risen sharply but so has the pri- 
mary index. ( Here we note that immediately after raising the nitrogen level of the 
plant, photosynthetic production is stimulated more rapidly than growth.) With 
moisture a])ove normal, we decide to lengthen the irrigation interval by 50 day- 
degrees. (Caution: this lengthening process must not l)e severe, for blossoming- 
might be induced.) 

September 20: The primary index is down but is still al)ove normal. Moisture 
and nitrogen are both high. Hence we extend the irrigation interval another 50 day- 
degrees, to 300. (It may be noted that the hardening period in spring had been very 
successful. The cane in lodging had gone down uniformly with no dead cane ap])ar- 
ent and with no tendency for the toi)s to be launched in large piles, leaving “holes” in 
the field. There is no evidence of suckering.) 

October 24: The ])rimary index is below normal, but there is no need for alarm. 
Idle crop is to be harvested about July 1 and hence with a well-hardened crop, we 
may as well add as many tons as })ossible at this stage. Moisture and nitrogen arc 
both normal. No change in management. 

November 29: The primary index is still dropping. Moisture and nitrogen have 
risen. We may as well save in costs by lengthening the irrigation interval to 350 day- 
degrees. 

January 2: The ])rimary index is lielow normal, moisture and nitrogen have 
drojiped. No change in management. 

February 6: The ])rimary index is still slightly below normal. No change in man- 
agement. 

Mareh IJ: The jirimary index is down (due largely to very cold, cloudy weath- 
er). However, we need not be alarmed for we know that I\lay and June are good 
maturing months, but to be on the safe side, we lengthen the irrigation interval to 
375 day-degrees. 

April 17 : The primary index is rising, but the crop is now al)out two and a half 
months from harvest and with the moisture index tending to rise, we sto]) irriga- 
tions altogether. 

May 22: The primary index has ri.sen sharply. Moisture and nitrogen are l)Oth 
dro{)ping. 

June 26: The primary index is very high, moisture very low. The crop is ready 
for harvest. 

The yield was 1 15.6 tons of cane with a Q IC of 7.1, or 16.28 tons of sugar per 
acre. At harvest the cane was in excellent condition. This a])pears to have been a 
very successful crop. Twenty -eight rounds of irrigation, 180 pounds of nitrogen and 
200 pounds of potash were ap])lied. The potash ])robably was unnecessary. Both 
the ])hosphorus and potassium indices are well above normal. 



280 



19+1 19+2 

riQ.3. CROP LOG FOR WAIPIO PLOT RC. 




281 


Waipio Plot RC: 

Waii^io Plot RC (Fig. 3) was begun December 1, 1940. The plant crop which 
preceded it was not a good crop. The yield was 117 tons but the Q.R. was 9.0, yield- 
ing 13 tons of sugar. Several reasons can be given for the failure : The crop was 
badly broken l^ecause the mid-crop hardening had not been employed. Rat damage 
was heavy, and the nitrogen applied was excessive. All of these notes are very im- 
portant to the fertilizer i)rogram of the ratoon, a fact not appreciated until a few 
months later, and which will be apparent presently. Plot RC was fertilized as were 
RA and RB — 200 pounds of potash and 100 pounds of nitrogen. 

January 18: The primary index is high, but both nitrogen and moisture are very 
high. 

February 22: The primary index is rising, moisture is still very high but the ni- 
trogen is droi)ping very rapidly, a condition usually associated with rapid growth, but 
the growth is slow. Something is developing here which has not before been en- 
countered. 

March 28: The primary index is higher still, moisture is very low for so young a 
crop and the nitrogen is still dropping. Now, ordinarily this would mean a deficiency 
of nitrogen since the irrigation interval was being maintained, but only four months 
before, the croj) had received a hundred pounds. Wheit has become of it? In the 
thought that •perhai)s something had gone wrong with the irrigation program, a very 
heavy a])t)lication of water was made at once. 

May 3: The primary index had dropped somewhat, moisture was rising but ni- 
trogen now had reached a critical low. By this time the crop was yellowing badly 
and obviously something had to be done. The prol)lem still is, what became of the 
nitrogen that was ])Ut on in December? At any rate, the plant was not getting it. To 
renew the full a])])lication would l)e dangerous, for if the plant finally found the ni- 
trogen previously ap|)lied, it would have a great deal too much. .So a conservative 
ai)plication of 50 pounds was put on at once. 

June 6: The crop has become greener. The primary index is normal. Moisture 
and nitrogen are again normal. But now other problems confront us. At the rate 
the cro|) is now growing, it wall begin to lodge in Se[)tembcr and October. If we want 
to harden the cro]) before it goes down, we shall have to do it before then. At this 
time tlie crop is not far enough along to make hardening wx^rth while. If w^e w^ait 
until August for hardening, w'e are likely to set ofT blossoming. But to help us out 
of this quandary is the realization that the croj) has suffered a good deal and is con- 
siderably beliind its growth schedule. I’ossibly even though we push the crop, it may 
not go dowai until later, or because it is light, if it did go down, it would not be dam- 
aged seriously. .So for the time being, we shorten the irrigation interval. 

July 11 : The primary index is down. Moisture is normal but nitrogen is some- 
what low. If it w'ere not for the fact that the original hundred pounds had been put 
on and very likely was still somewhere in the soil, we would now make a second fifty- 
pound application. (It w^ould have been much wiser apparently to have used a great- 
ly reduced initial application — especially when the harvested crop had a poor quality 
ratio and especially during the winter.) But the nitrogen level is not dangerously 
low. We decide to be conservative and make no further application of nitrogen but 
we shorten the irrigation interval. 
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August 16: The primary index is down. Moisture is somewhat above normal, 
nitrogen is dropping, but the crop is in good color. Growth is fair. We can now be- 
gin to lengthen the irrigation interval. 

September 26: The primary index remains steady. Moisture is normal and ni- 
trogen is rising. By now it is becoming apparent that the crop is using the nitrogen 
originally applied. 

October 24: The primary index is low, moisture normal, nitrogen steady. The 
danger of inducing blossoming is now |)ast. We can save some water and at the 
same time harden the crop which by now is lodged, but there has been damage. The 
irrigation interval is lengthened. 

November 29: The primary index has risen slightly, moisture is normal, but ni- 
trogen has risen. This rise is the result of continued absorption by the roots asso- 
ciated with reduced growth at this late season. That original ])oundage of nitrogen 
has not escaped and is being used by the crop. The crop is now al)out a year old. If 
we are to add more nitrogen it will have to ])e done soon. But there are several con- 
siderations which have to l)e weighed. In the first place, the nitrogen level is higher 
now than it has been since February 22. Secondly, because of the difficulties which 
obtained early in the cycle, the crop is only fair. Thirdly, to round out a difficult 
com])lex, the crop is to be harvested next October — a period which is difficult for 
maturing a crop. If we ai)ply nitrogen, we may increase the tonnage, but the likeli- 
hood of having very ])oor quality is greatly enhanced. If we are to have a well- 
matured crop, so that the next ratoon will have a better chance of success than the 
present crop, all signs tell us not to apply nitrogen at all. So far a total of 1 50 pounds 
has been apjdied. At any rate we can wait anotlier month before finally deciding. 

January 2: The ])rimary index has risen slightly, l)oth moisture and nitrogen have 
dropped. This month is about our last chance to a])|)ly nitrogen. We decide against 
it for these reasons: the drop in moisture is caused l)y the long irrigation interval, 
but even so the primary index is low, the color of the crop is good, hence the cro]) is 
making sugar, and time is not being lost. Also, the next few months are not good 
growing months. If we apj^lied nitrogen now it would l)e there to jdague us at har- 
vest time. 

February 6: The primary index is again dropping, moisture and nitrogen are 
also dropping. We could .shorten the interval between irrigations but with the low 
temperatures and low light intensity we can continue with the .same .schedule, save 
a little on costs, and not lose much in the way of growth. 

March 13: The primary index is still droj^ping, moisture and nitrogen are get- 
ting dangerously low. The crop is beginning to suffer, so the irrigation interval is 
drastically reduced, from 325 day-degrees to 200. This increased moisture should 
reverse the trends in both nitrogen and moisture and enable the crop to add a few 
tons to its growth. 

April 17: The primary index has risen sharjdy. Moisture and nitrogen are both 
rising. The rise in the primary index again shows the stimulation of photo.synthetic 
activity before growth activity. 

May 22: The primary index is below normal again, moisture and nitrogeti are 
returning nearly to normal. Because the primary index has dropped, we lengthen the 
irrigation to 275 day-degrees. 
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June 26: The primary index is up now. Harvest is about three months away. At 
this season, drying conditions are becoming excellent. Should we cut irrigation? If 
we do, the crop being very low in nitrogen, will dry out too rapidly. Hence we 
lengthen the irrigation interval to 325 day-degrees. 

July 31: The primary index has risen only slightly. Moisture is moderately low 
and nitrogen very low. Harvest is two months away. Irrigations are discontinued. 

September 5: The primary index has risen sharply. Moisture has dropped, nitro- 
gen has been very low. Actually, had it been possible to harvest the crop now, it was 
ready for it, but the machinery was not available. 

October 9: The primary index has continued to rise, moisture is very low and 
nitrogen is also very low. 

At this time the crop is harvested. To continue with the misfortunes experienced 
all the way through the cycle, the gral)-harvester develo])s a l)roken clutch and the 
burned and cut crop remains in the field three days before it is milled. But despite 
all these adversities, the cro]) weighed 89.2 tons and had a quality ratio of 7.3. Thus 
the yield was 12.2 tons of sugar per acre — a yield not to l)e conq^ared with the previ- 
ous two crops, but not to be regarded as a total failure. 

Because the crop was so difficult, ])erhaps it is worthwhile now to enumerate the 
mistakes that were made, and to suggest general jwinciples of handling. 

(1 ) Although Plots RA and RB used successfully the heavy initial application of 
nitrogen, Plot RC did not. Tw’o factors suggest themselves as casual : (a) The plant 
cro]) preceding RC had a very poor quality ratio (9.0) whereas, RA and RB were 
])receded by well-matured crops (7.2 and 7.5). This fact suggests that the stools and 
roots of the first two cro])s were nearly dormant and adecjuatcly sup])lied with car- 
l)ohydrates. They were, thus, in a position to respond to the heavy application. Plot 
RC, however, was preceded hy a crop still growing at the time of harvest. The 
stools and roots had not reached dormancy, and were low in available food, hence 
the heavy a|)])lication of nitrogen was an error, (b) Plots RA and RB were begun 
at a time when the .soil temperature was rising, hence the nitrogen ajqdied was read- 
ily absorbed. IMot RC, on the other hand, was started on December 1, a time when 
soil temperatures are dropping. Under these circumstances, a])])reciated as an after- 
thought, it would have been much wi.ser to delay the initial api)licati()n to a later date, 
or to Iiave greatly reduced it. 

(2) On May 3, 1941 when the nitrogen was very low, and had more of a field 
area been availalde, it would have been wise to institute an experiment. One block 
would have received no nitrogen at that time, another would have received the 50 
pounds as applied, and another would have received 1(X) ]:>ounds. By following each 
of the three blocks, we would have obtained much valuable information, useful in 
later crops. 

(3) A similar crisis occurred on November 29 and Jan. 2 (1941-42). Should we 
have applied more nitrogen on one of these dates? To answer this question, field 
blocks could again have been set up to answer the question. However, in this experi- 
ment only a small plot was available and hence the more a])])arent, conservative pro- 
gram was followed. 

(4) Although specific data are lacking, it appears that losses which are suffered 
during the early months of the crop cycle are rather directly reflected in the final 
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crop. It seems likely that attempts during later ])erio(ls to overcome the initial losses 
are likely to be defeated by po(^r quality, resulting- from the excess nitrogen. 

(5) Finally, a tentative observation may be made for which the crop logs of 
plots RA, RR, and RC are ofifered as evidence. If the application of nitrogen to a 
crop is made when the crop is in a physiological position to al)sorb all of it or nearly 
so, the regulation of that crop is sim])lified enormously over the situation where the 
nitrogen fertilizer is applied either in great excess or at a time when the absorption 
capacity of the roots is limited by low tem])eratures or by i^aucity of reserve carbo- 
hydrates. In the latter instances the fertilizer is distributed through the soil and 
away from the roots. Although this nitrogen under the conditions of the crops de- 
.scribed above was not lost, it was available to the cro]) at a slow rate, probably only 
as the roots grew into the soil areas containing the fertilizer. When the fertilizer is 
ai)|)lie(l so that the ])lant al).sorbs nearly all of it, the management of the crop is 
great ly si m pi i fi ec I . 

IWiipio I^lof Rl) : 

Fhe cro]) (Fig. 4) ])rece(ling this ratoon was a fair cro]), harvested March 3, 
1941, with a quality ratio of 7.9. The fertilizers a])plied at that time were the same 
as for the ju'evious ])lots, namely, 100 i)ounds of nitrogen as sulfate of ammonia, and 
200 |)()unds of potash as muriate of ])otash. Xo phosphate was added. Of course, 
we know now that the heavy a])])Iication of nitrogen was not wise, l)ut the difficul- 
ties experienced with Riot RC' were not y(‘t ap])arent. However, tlie ratoon of Plot 
IH) followed a better cro|) tlian that |)receding RC.' and also we are nearer fav('>rable 
soil temperatures. 

May 2: The ])rimary index is high. Moisture and nitrogen are both high. The 
nights are cold, but the days are bright and warm. 

June (): dlie ])rimary index is high, and is rising, moisture and nitrogen are drop- 
])ing, and the nitrogen curve is doing the same thing it did in RC. We shorten the 
irrigation interval to 250 day-degrees. 

July It: The i)rimary index has dro])])ed, but moisture and nitrogen are also 
dropping, tlie latter to a dangerous low. The young cro]) is losing color. Ivxactly 
the same thing has haiipened as with RC. This time we won't wait any longer for 
the summer is upon us. We ai)])ly 50 pounds of nitrogen and reduce the irrigation 
interval to 225 da^^-degrees. 

Aiujusi 16: Now, the cro]) has lost its yellow-brown color. Tlie ]:)rimary index is 
normal. Moisture is high and nitrogen is normal. No change in management. 

September 26: The primary index is below normal, moisture and nitrogen are 
steady. The irrigation interval is lengthened to reduce co.sts, 

Oetober 24: The primary index is low, moisture and nitrogen are steady. The 
cro]) is coming along lieauti fully. The stand is very heavy and the ])lants are becom- 
ing very tall. We are beyond the danger of inducing blossoming and, to consolidate 
our gains to date, we undertake to harden the crop during a time when we would 
not lose much in the way of growth anyway. We stop irrigations. 

November 29: The primary index has risen, moisture is down somewhat, nitro- 
gen has risen. The plants are still very erect. Hardening has begun, but has not 
progressed very far. We continue the hardening ])rogram. 
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January 2: The primary index has risen sharply. Moisture is low. Irrigation is 
resumed. 

February 6: The primary index is normal. Moisture is rising and nitrogen is 
steady. No change in management. 

March 13: Although the primary index is normal, the serious drop in moisture 
and nitrogen requires attention. This drop was apparently caused by a period of 
high winds and low humidities extending from about February 10 to March 6, but 
we have reached the period where the final application of nitrogen has to be made. 
The situation is complicated by the fact that the temporary drought has lowered the 
nitrogen level of the plant below what it would be at normal hydration. Hence in 
making our calculations, we go to the preceding analysis, February 6. Here we note 
the nitrogen level at 0.93 per cent. If we consider 1.00 per cent as normal and .75 
as the absolute bottom of the range we determine the proportion .93 is of this range 
or 18/25. We calculate the amount of sunlight experienced by the crop, also that 
contemplated. Since 150 pounds carried the crop through the energy availal)le, and 
at the same time was within .07 per cent point of normal, then 7/25 of the propor- 
tional amount obtained for the anticipated amount should carry the cro]) the re- 
mainder of the cycle. This amount is 30 pounds, which is then applied in the irriga- 
tion water. Also, in order to get the crop going as soon as possible, the irrigation in- 
terval is shortened to 200 day-degrees. (It should be remembered that the nitrogen 
applied is conservative because the crop has to l)e matured in December, not a good 
time. ) 

April 17: The |)rimary index is normal. Moisture and nitrogen l)oth have im- 
proved. No change in management. 

May 22: The j^rimary index has risen but moisture is nearing normal, nitrogen 
is dropping somewhat. 

June 26: The primary index has dropped again. With harvest six months away, 
we do not want the index to continue this drop, so we lengthen the irrigation inter- 
val to 275 day-degrees. 

July 31: The primary index is rising, growth is fair. Moisture and nitrogen 
are below normal. Harvest is 5 months away. No change in management. 

September 5: The primary index continues to rise satisfactorily but we are ap- 
proaching another critical time. With harvest al)out three and a half months away, 
weather for maturing the cro]) is not likely to be very good. Also, the chances of 
fall rains compel us to start the crop drying. The trend for the primary index dur- 
ing September and October is generally downward, and with the crop so near har- 
vest we must hold the primary index up, unless quality is to suffer. If we can se- 
verely check the cro]) with its low nitrogen level, rains are not likely to affect seri- 
ously the quality. We are in danger of setting off ])lossom, but the drying may be 
sufficiently intense to prevent that. Hence we discontinue irrigations. 

October 9: The primary index has risen very slightly, moisture has dropped, ni- 
trogen has risen slightly. No change in management. 

November 13: The primary index is steady, moisture has risen somewhat. Thus, 
despite the rains (some of them very heavy) since the last part of October, and the 
warm weather, the crop remains moderately low in moisture. Had excessive nitrogen 
applications been made, such nitrogen, whether a reserve in the plant or in the soil, 
would have caused a rapid rise in moisture. 



287 


December 4: Rains continued throughout the period. Cloudy weather prevailed. 
The primary index has dropped but because of the low nitrogen levels, moisture re- 
mains low. The crop is harvested. The preharvest burn was poor because of the 
rains, but despite a 10 per cent weight deduction, the yield was 119.4 tons of cane, 
the quality ratio, 8.2, and the sugar yield 14.6 tons. The cro]) received 28 rounds of 
irrigation, 180 pounds of nitrogen and 200 pounds of KoO as muriate of potash. 

Thus it is apparent that by proper control of crops, it is possible to get reason- 
ably good quality crops even during the worst part of the year. Had nitrogen been 
applied in excess of the needs of either Plot RC or RD, the tonnage would have 
been larger (most of the increase being pure water) increasing the cost of harvest- 
ing, and the quality would have been poorer. There might even have been less sugar. 

Crops at Kailua 

The field on which the crops were grown at Kailua is near the base of tlie moun- 
tains. It is in an area of low light intensity, being generally cloudy. Late afternoon 
shadows from the mountains further reduce the total amount of energy available to 
the crop. The field is without irrigation facilities. During the crop cycles, there was 
usually enough rain to maintain growth. Unfortunately, in this area water is likely 
to be limiting in the late spring and summer, at the time when most growth should 
be made. .When moisture is abundant, during the winter, it is usually too cold for 
growth. Under such circumstances there isn’t much which can be done in managing 
a crop. But there are some things which had been learned in the plant-crop cycles 
which were applied. Although the results are far from satisfying, they are pre- 
sented with the idea that tliey represent conditions very nearly at their worst and 
that even under such conditions certain controls are yxissible. Although the plant 
crops were fair, in general the ratoon croi)s, except for RC, started out in an ex- 
cellent manner. During 1941, however, there was a marked shortage of water, which 
not only interfered with growth of the crop but seemed to encourage heavy rat inva- 
sions. The field used for these studies is completel}' surrounded by pasture and 
wasteland and control of the rats under such circumstances was most difficult. All 
the ratoon crops were very badly damaged. In some cases solid stri})s of line 10 to 
15 feet long had every ]4ant gnawed away. Obviously, under such circumstances 
the biotic factor is the most important factor in determining final yield. 

From a physiological point of view, as well, rats are a serious menace. For ex- 
ample, when a crop has become established and the fertilizer applications are made, 
it is with the aSvSumption that the whole crop remains on this field. Thus if the crop 
averages four plants per linear foot, there are about 36,000 u|)right stalks per acre. 
Now, if the nitrogen applied to such a field is 1(X) pounds, it is presumed that the 
36,000 plants will be drawing more or less uniformly on this poundage. However, 
if half the plants are chewed oflF, or damaged, then there is an excess of the nitrogen 
for the remaining plants on the field. As the distal portion of the chewed-off stalks 
begins to disintegrate its nitrogen is leached from it to add to the general excess. 
Under such conditions we may expect heavy suckering and a serious reduction of 
quality. Of course the stalks which are partially chewed, even though they continue 
to grow, will be subject to red rot extending for varying distances up the cane. 

When the earlier paper in this series was published, there was some criticism of 
it on the grounds that the Kailua crops were suffering from phosphorus deficiency. 
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Even though abundant evidence was offered that such was not the case, yet in def- 
erence to the criticism when the ratoon crops were started an especially heavy appli- 
cation of phosphate was applied (400 pounds of P20r.) as reverted phosphate. After 
harvesting the plant crop, a deep furrow was made within one foot of the line of 
plants, the phosphate applied, and then the furrow was filled in. The oliject of all 
this was to place the phosphate where the new roots would reach it. Further, re- 
verted phosphate was used with the idea that the roots would be in the area before all 
of the phosphate was fixed by the soil. The phosphate index of the ])lants showed 
that the phos])hate level within the plant was raised considerably, but there is noth- 
ing to indicate that the nutrition of the plant was improved by it. 

The calcium index of the Kailua-grown plant crops was also at a level very much 
lower than the corresponding cro])s at Waipio. Again as an insurance against the 
possibility that calcium may be limiting, despite much evidence that calcium is never 
limiting in Hawaiian soils, calcium was a])plied with nitrogen as calcium nitrate. 
Again, the levels in the plant were materially raised. The common belief that ap- 
plying lime to cane reduces its quality could not be verified here. Despite the in- 
crease in calcium levels within the plant, (piality was decidedly better in the ratoons, 
but probably not because of the added calcium. If liming causes declining (piality, 
the influencing factor must be other than the calcium comjiosition of the cane. These 
data will be jiresented in detail later. 7' wo hundred pounds of potash were a])])lied 
as muriate. 

One final factor needs be presented before proceeding with the cro[) logs for the 
Kailua-grown ratoons. In areas where the moisture available to a croj) is sujqilied 
by rain, there are no means of controlling the supjily. However, in this study there 
have been repeated instances of high correlations between the moisture content of 
the plant and its nitrogen level. Thc.se studies have in many instances shown that 
where nitrogen is available to the crop, if moisture becomes limiting, the nitrogen 
content of plant drops. Conversely, where nitrogen is limiting, even though mois- 
ture is available, the moisture content of the plant is at a low level. This fact seems 
to offer considerable ho])e to those plantations in heavy rainfall areas. If by im- 
pressing a physiological drought on the crop, we may obtain reasonably good (piality 
we should not only reduce fertilizer costs, milling costs, but actually ])ro(luce more 
sugar. Because of this situation, the nitrogen applied to the ratoons was all applied 
at once as 100 pounds of nitrogen as calcium nitrate. It is apparent now that it 
would have been better to break up this cpiantity, but the logs as jiresented later do 
verify the princijde of moisture control through nitrogen application. 

Kailiia Plot RA : 

The plant crop was harvested on May 28, 1940. The quality ratio was 9.0. The 
ratoon crop was immediately fertilized. Res])onse was good despite low rainfall. 
The stand was dense. 

August 3 (Fig. 5) : The primary index is high, nitrogen is moderate for so young 
a crop, and moisture is very low. But the summer drought seems to be about broken. 

, SepiefiSer 7: The primary index is now where it should be. Moisture is normal 
and nitrogen is high considering the growth that is being made. 

October 6: The primary index is low, moisture and nitrogen are both high. The 
crop is doing very well. Evidences of moderate blossoming are apparent. 
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November 10: The primary index is very low, moisture and nitrogen are high. 
Thus, so far we have produced a most promising young crop. Blossoming is moder- 
ate and the plants have attained a good height. 

December 14: The primary index has risen though it is still low, with moisture 
and nitrogen still high. 

January 19: Primary index is normal, moisture is normal although lower than 
previously, nitrogen is high. 

Febrtiary 23: Primary index is rising, moisture has begun to drop followed by 
nitrogen. During this period, there were three successive weeks with only traces of 
rainfall. Colder weather is also playing a part. 

March 29: The primary index is still rising, moisture and nitrogen are both 
dropping. Despite one good week of rain, the crop is experiencing a shortage of 
water. 

May 3: The same trends continue. Moisture is becoming very low. The plants 
are now beginning to go down, and many of them, probably because of the dry, hard 
soil, are breaking off completely and are dying. Rat damage on leaning stalks is be- 
coming very severe, despite rat baiting and poisoning. 

June 7 : The drought is now extremely severe. The primary index is very high, 
nitrogen very low, and moisture extremely low. The breakage of plants by lodging 
and rat damage is a most discouraging sight. What was once such a promising crop, 
is now a mess. 

July 12: Several fair rains, combined with warm weather, have broken the 
drought. The primary index is normal. Moisture is rising followed slowly by 
nitrogen. 

August 16: Despite barely adequate rains, the primary index has dropped some- 
what, moisture has risen and nitrogen, which apparently is not abundant in the soil 
any more, is rising slowly. 

September 21: All indices are steady with a slight rise in nitrogen. But now 
with excellent temperatures for rapid growth, and seemingly enough rain, the mois- 
ture curve remains considerably below normal. In the plant crop where more nitro- 
gen was applied, under similar conditions, there was a very rapid rise in both nitro- 
gen and moisture to points above normal. In this ratoon, however, nitrogen is be- 
coming limiting and is affecting the moisture content of the plant. 

October 25: The same situation continues despite abundant rainfall and favor- 
able temperatures, 

November 30: Despite a drenching rain, the moisture content remains low. 

January 3: Colder weather, somewhat reduced rains, although not a drought, 
raises the primary index, drops moisture and nitrogen. Harvest is three months 
away. 

February 7 : The primary index is down, moisture has risen somewhat but is 
still low. 

March 14: A very cold, cloudy period. The primary index is down, but despite 
considerable rainfall, the moisture index is lower as is nitrogen. 

April 18: Following a period of improved temperature and with abundant soil 
moisture, moisture is lower than that at Waipio (see Fig. 1). Nitrogen is below nor- 
mal, though not materially so. The primary index is up. 

The crop is harvested and yields 42.9 tons of cane with a quality ratio of 7.39, or 
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5.81 tons of sugar. Now, to be sure, this is not a satisfying yield, but it does seem 
clear that even though crops in the high rainfall area are subjected to rains during 
the maturing period, they can be made to yield satisfactory quality ratios if nitrogen 
is limiting. If excessive amounts of the element are applied, they will be there in 
the soil to plague the grower when harvest comes around. 

In this case it seems now that it would be wiser to apply about SO pounds at the 
start, and then at the beginning of the second season (in this case, about May 3, 
1941) apply the calculated amount. In this way we could probably have had a rapid 
recovery and better growth during the summer. The yield itself was, of course, 
greatly reduced because of the extensive rat damage. At harvest about 75 per cent 
of the stalks were chewed or broken. Obviously where rat infestation is heavy, an 
important part of the cultural practice should revolve about controlling the menace. 

Kailua Plot RB : 

The crop which was followed by this ratoon was harvested August 27, 1940. Its 
quality ratio was 9.5. Plot RB was fertilized at once and with abundant warmth and 
sufficient rain, it started out with a very heavy stand. 

October 6 (Fig. 6) : The primary index is low, moisture and nitrogen very high. 

November 10: The primary index is still low, although rising, moisture and ni- 
trogen are high. 

December 14: Despite colder temperatures, growth is continuing. 

January 19: All indices are good. 

February 23: Although the rainfall is becoming limiting, this crop at this time 
has a higher moisture level than RA. (Probably aided by the higher nitrogen level.) 

March 29: The primary index is normal, suggesting that the crop is not suffer- 
ing from the lack of water even though the moisture index is dropping. 

May 3 : The primary index is now rising, moisture is very low, nitrogen, too, is 
reflecting the moisture condition. 

June 7 : The primary index is high, moisture remains low, and nitrogen continues 
to drop. 

July 12: Improved rainfall has lowered the primary index, raised the moisture 
index. Nitrogen remains steady. (At this point we could have had a speedier re- 
covery of the crop from the drought were we to add some nitrogen. It would have 
been better to apply less at first and put on a calculated amount at this point.) 

August 16: The primary index is normal, moisture is rising slowly, nitrogen is 
steady. 

September 20: The primary index is low, moisture normal and nitrogen nearly 
so. (In other words there is still enough nitrogen in the soil.) The crop is in ex- 
cellent condition. It is still erect, very dense, and so far, there has been practically 
no rat damage, despite the heavy infestation in the adjoining Plot RA. However, 
the crop (RB) is becoming topheavy and is likely to go down very soon. 

October 25: With the very heavy rainstorm, the crop has gone down, but prob- 
ably because of the hardening induced by the drought, there appears to be very lit- 
tle breakage. The primary index is down, moisture has dropped, as has nitrogen. 

November 30: Despite rat baiting and poisoning, rat damage is heavy. The pri- 
mary index is still low. Nitrogen is normal, moisture is steady. 

January 3: The rat damage becomes extremely severe. 
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February 7 : The primary index is normal, moisture continues low and nitrogen 
is dropping. 

March 14: After a very cold, cloudy period the primary index has dropped, even 
though nitrogen and moisture are both below normal. 

April 18: Here we begin to get the real effects of the developing nitrogen defi- 
ciency. The primary index is rising and moisture and nitrogen both drop, despite 
heavy rains. 

May 23 : The same trends continue. 

June 27 : With rising tem]:)eratures, the jjrimary index dro])s, but is still high, 
moisture and nitrogen are both low. 

The crop is harvested and yields 55.2 tons of cane with a quality ratio of 6.99, 
thus yielding 7.9 tons of sugar, a crop which can be regarded as excellent consider- 
ing the drought, rat damage, etc. 

The relation l)etween nitrogen and moisture is an important one. Kailua Plot RA 
received 52.70 inches of rain during the first eleven months of its growth and 80.58 
inches during the second eleven months. Plot RB received 49.00 inches during the 
first eleven months and 83.35 during the second eleven months. Despite the heavy 
rains as harvest a])proached the moisture levels within the crop remained low, due 
to the reduced nitrogen levels. 

In order to give the reader a case for com])arison, the crop log for a higlier nitro- 
gen field (KC) is re])orted. This plot was grown without reference to the curves. 
The ap|)licati()n of nitrogen was made on the basis of what was then acce])ted prac- 
tices. At ])lanting an a])])lication of Ainmo-phos was made to give 200 pounds of 
and 44 pounds of nitrogen. Further, 200 pounds of KoO as muriate of potash 
were also applied. Two further apjdications of nitrogen as sul])hate of ammonia 
were made, as indicated on the nitrogen index. For the entire cycle, 160 pounds of 
nitrogen were applied. Rainfall was adeejuate, exce])t for two short summer periods. 
During the first eleven months, 76.56 indies of rain fell and during the second eleven 
months, 73.16 inches. The field was planted January 28, 1939. The 31-1389 plant- 
ing material was cut at the Waipio substation, and soaked in warm water (35° C.) 
for about 24 hours prior to planting. Germination was excellent, despite cold 
weather. 

Kailua Plot C: 

March 24 (Fig. 7) : The primary index is low, moisture and nitrogen are very 
high. 

April 21: The primary index is normal, moisture and nitrogen very high. The 
crop is growing beautifully and is dark green in color. 

May 26: The primary index is dropping somewhat, moisture is normal, nitrogen 
is high. However, the fertilizer schedule calls for a nitrogen application. Fifty-six 
pounds of nitrogen as ammonium sulphate are applied. It should be obvious that 
there was no need for this application. The nitrogen index was well above normal. 
The primary index is low. Moisture is dropping, but this is due to a lighter rainfall. 

June 27 : The ])rimary index is dropping, as is moisture. Nitrogen is above nor- 
mal. 

July 23: The j)rimary index is steady, nitrogen is high, moisture continues to 
dro}). The drought is now beginning to check growth. 
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FI6,T. crop log for KAILUA PLOT Q. 
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September 2: The primary index has risen sharply, moisture is low, nitrogen is 
dropping, but most likely because of the drought. A good four-inch rain fell at this 
time. The last application of nitrogen was made. (At least one of the two applica- 
tions of nitrogen was unnecessary.) 

September 30: F'ollowing the rain, a very rapid recovery was made. Growth is 
very heavy. The primary index is normal, moisture is nearly normal, nitrogen, de- 
spite the heavy growth is rising. 

October 28: One very heavy rain and several substantial rains have fallen. The 
weather is cloudy and hot. The primary index is down. Moisture is normal and ni- 
trogen is very high. (A curious fact asserted itself at this point. Two older plots 
(6 and 3 months, respectively) and one younger plot (3 months) showed heavy blos- 
soming, but Plot C except for a few blossoms on the edge of the field had no Idos- 
soms.) 

November 24: The ]:)rimary index is very low, moisture is high and nitrogen is 
very high. 

December 27 : The primary index is low, moisture is high and nitrogen very high. 

February 2: Cold weather, and somewhat improved sunshine starts the })rimary 
index u])ward, moisture is down, nitrogen is high. 

March 9: The primary index is dropping, moisture and nitrogen are rising. 

April 13: All indices are nearly normal. 

May 18: All indices are normal. Harvest is about six months away. The crop is 
dark green and has made excellent growth. There has l)een very little breakage and 
practically no rat damage. 

June 21: The primary index is rising, moisture is dropping and nitrogen is nor- 
mal. A drought is beginning. 

July 26: The primary index is high, moisture is low and nitrogen is somewhat be- 
low normal. Growth was heavily curtailed by the drought. This would l)e a good 
time to harvest. However, the .schedule calls for harvest about November 1. 

August 30: Several good rains, result in a burst of growth. The primary index 
is down, moisture is nearly normal and nitrogen is rising. With harvest two months 
away, these curves bode ill. 

October 2: The primary index is well [)elow normal, moisture is nearly normal 
and nitrogen is above normal and is rising with harve.st only one month away ! 
Growth is heavy. 

November 9: The primary index is very low. Moisture nearly normal and nitro- 
gen very high. The crop is harvested and yields 91 tons of cane with a quality ratio 
of 12.78 and 7.1 tons of sugar. Compare this yield with KRB, grown under much 
less favorable circumstances which yielded only 55.2 tons of cane and 7.9 tons of 
sugar. It should be rememl)ered that rainfall for Plot C was adequate both seasons, 
whereas rainfall was less than adequate the first season for RA and RB and heavy 
during the harvest season. To strike a cost comparison between Plot C and RB, 60 
per cent more nitrogen was used for Plot C. For each ton of sugar, nearly six addi- 
tional tons of weight (mostly pure water) had to be harvested and hauled. 

The nitrogen curves for Plot KRB and KC may be compared for general levels. 
The curve for RB was normal or below for the most part after March 29, 1941, 
while that for C was normal or below on only two occasions, both late in the cycle. 
The nitrogen index for RB just prior to harve.st was below normal and was drop- 
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ping. That for C was above normal and was rising. It seems very clear that the 160 
pounds of nitrogen for Plot C were excessive. Had the additions of nitrogen been 
made according to the index, at least one of the ap]dications would not have been 
made. But the excess of nitrogen whether still in the soil or in the plant is really of 
little moment, since in either case it will be used by the plant when conditions are 
otherwise favorable. Actually, much of the excess was in the i)lant. (Cf. nitrogen 
compositions of cane KC and KRA, ])p. 166 and 168, \^ol. 46, this journal.) 

Two other com])arisons may be made. First: The potassium index for KC is 
very high. Had the index been followed at that time, the a])])lication made to the 
ratoon crop would not have been made. Second: The ])hos])horus index for KC 
was below the tentative normal for the first half of the crop and about normal for the 
remainder. Even though there is nothing to indicate that ])hosphate was a deterring 
factor in growth, a double application of P20r, (400 ])ounds) was made on the 
ratoons. During the first half of the ratoon crops (RA and RB) the ])hosphorus 
index was normal or al)ove. During that ])art of the log where moisture was below 
normal, the phosphorus index dro])ped. In fact, there ap])ears to be a good correla- 
tion between the ])hosphorus levels of the cro]) and its moisture content. (KRIC 
+.6476,** KRA, .935v3,**.) 

GkN KRAL 1])JSCUSSI()X 

There are two general ap])roaches to the solution of croj) j^roblems encountered 
in the field. One involves the empirical a])])lication of various treatments, fertilizers, 
water, type of ijlanting, etc., upon the cro]). I dans are carried out according to 
schedule and little attention is paid to the crop as it grows. The results of the treat- 
ment are determined at harvest time. The second general a])])roach is that re])orted 
in this p«a})er. Here certain measurements associated with the welfare of the crop 
are made at intervals of five weeks. The time of a|)plying fertilizers (except for 
phosphorus), the quantity of fertilizer, the length of the irrigation intervals, the 
length of the maturing period, etc., are not worked out before hand but are worked 
out as the crop i)rogresses, basing the decisions made at any one time on the ])rogress 
made by the crop as revealed in the crop log. In this way the A^ariations of climate, 
which are not inconsideral)le, are taken into account as the croj) ])rogresses. With 
the establishment of the cro]) log, a com]:)lete record of the cro]) is available not only 
for use in guiding the particular croj) to its harvest, but serves then as a series of 
precise measurements whicli may be used not only for com])arison with other fields 
but over a long series of years Avith the same field. 

The empirical method has a very important place in tlie crop-log aiqu'oach. Thus 
when the time is reached that a decision must be made with reference to a ])articular 
practice, for example, the final application of nitrogen in Waipio Plot RC, Fig 3, 
January 2, 1942, if the grower has not encountered that particular situation l)efore, 
he can institute a block experiment at that point. The j)lots are logged and from the 
subsequent behavior of the curves as well as the final harvest data, he accumulates 
information which Avill be useful when similar crises develop in the future. 

Summary 

1. The elongating cane sheaths are found to be the plant organ within which the 

total sugar level best serves as the primary index. 
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2. The primary index is sensitive to variations of sunlight, temperature, growth 
rate, moisture and perhaps nitrogen, potassium and phosphorus. 

(a) It is po.^itively correlated with sunlight, tem])erature, and sometimes 
nitrogen and phosphorus. 

(b) It is negatively correlated with growth, moisture, potassium and some- 
times nitrogen and phosphorus. 

3. 'Hie part which the primary index plays is important. Under conditions where 
growth is below normal for the particular environment, the index rises. Where 
growth is excessive, the index drops. Because of this behavior, the index may 
be used as a guide in fertilization, irrigation, and cro]) management in general. 

4. The crop logs of six ratoon crops (four at Waipio and two at Kailua) and one 
plant crop (Kailua) are presented in detail showing the use of the primary in- 
dex and tile secondary indices in managing the particular crop while it grows. 
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Vitamins and the formation of sucrose 


*81 

*75 


*171 

174 

190 

186 

179 


173 
181 

191 

171 
175 

191 

172 

174 
177 
183 
167 


w 

Waialua Plautaticm Company, litd., a report 

on 32—8560 at *171 
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Viiriatioiis, with sj)ecial reference to bor- 
der effects *1‘95 




Indian Agricultural Research Institute (Pusa) 

LIBRARY, NEW DELHI-110012 
This book can be issued on or before 




